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Description 

[0001] The pmsent invention relates to analogs of insulin modified at amino add position 29 of the native human 
insulfri B chain and optionally at other positions. Said insulin analogs are less prone to dimerteation or self-association 
a to higher molecutar weight forms thereby possessing a comparatively more rapid onset of activity while retaining the 
biological activity of native human insulin. 

[0002] The present invention provides Insulin analogs of the formula 

10 NH 2 
I 

Gly 1 
Ile 2 

| CHAIN A . (I) 

Val 3 
I 

61u 
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20 Gln-Cys-Cys-Thr-Ser-Ile^ 

I 

s ? 

25 \ I 

His-Leu-Cys-Gly — B B — Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys 

,5 % y re 10 xx 12 is n is is 17 is |1» 

Gin * CIV 20 

30 J 3 Glu " 

1 CHAIN B I M 

B * Arg « 

1 1 Z-Y-X-B—B— B-Thr-TVr-Phe-Pha-Gly 23 
| 30 29 23 27 " 25 24 

40 wherein A21 is alanine, asparagine, aspartic acid, glutamine, glutamic acid, glycine, threonine, or serine; B1 is phe- 
nylalanine, aspartic acid, or is absent; B2 Is valine or may be absent when B1 is absent; B3 is asparagine or aspartic 
acid; B9 is serine or aspartic add; B10 is hlstidkis or aspartic acid; B28 is any amino ackl, B29 is L-prcJine, D-proline, 
D-hydroxyproline or L-hydroxyproline; B30 Is alanine, threonine or is absent Z is -OH, -NH* -OCH3, or -OCH£H$ X 
is Arg, Aig-Arg, Lys, Lys-Lys, Arg-Lys, Lys-Arg, or is absent; and Y may be present only when X is present and, if 

45 present, is Glu or an amino acid sequence whteh comprises all or a portion of the sequence -Ghi-Ate-Glu-Asp-Leu- 
Gln-VaJ-Gty-GlrHVal^lu-l^ 

Arg- and which begins at the NMerminus Glu of such sequence; 

provided that when A21 is asparagine, B1 is phenylalanine, B2 is valine, B3 Is asparagine, B9 is serine, B10 Is 
so histidine, B27 is threonine, B28 is lysine, B29 is L-proline, B30 is threonine, X is absent and Y Is absent, then Z is 
-NH 2 , -OCHgOr-OCHaCHa; 
or a pharmaceuticafly acceptable salt thereof. 

[0003] The insulin analogs of formula I are useful in treat* g hyperglycemia by administering to a patient in need 
55 thereof an effective amount of the analog. Further, pharmaceutical compositions containing an effective amount of an 
insulti analog of formula I in combination with one or more pharmaceuticaliy acceptable exdpients are disclosed and 
claimed. 

[0004] The figures provided herein are not drawn exactly to scale. 
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Figure 1 - A restriction site and function map of ptesm id pKC2^ p 
Rgure 2 - A restriction site and function map of plasm.* pKCJJPX 
Rgure 3 - A restriction site and function ™p of plasm J ^2*3-^ 
Figure 4 - A restriction site and function map of ptosm id 
Rgure 5 - A restriction srte and function map of ptesmid pKC2B*PRS. 
Figure 6 - A restriction srte and function map of ptesmid P L3* 
Rgure 7 - A restriction site and function map of plasmid pNM789. 
will Rgure 8 - A schematic outline of the ^^^^ 20> 
eo 13 Rgure 9 - A restriction site and lunrtton map * P^.^ 7 R12 
Rgure 10- Arestriction^ 

Rgure 11 - A restriction site and function map of ptesmid pPR12ARl. 
Rgure 12 - A restriction site and function map of plasmid pLIIO. 
r£Z 13 - A schematic outline of the ^^^^^oS' 
Roure 14 - A restriction site and function map of ptesmid pCZR126S. 
X lt?h^S^e sequence of the ^ J""*^ 
Rgure 1 6 - A restriction site and function map of ptasmW pRB1«. 
rJ« 17 - A restriction site and function map^^ 
Rgure 18 - A restriction site and function map ptasmW pRB 72. 
Rgure 19 - A restriction site and function map of ptesnjd pRB 73. 
Finuro 20 - A restriction site and function map of plasmid pRB175. 
[0 0251 Sf i fXSEZ* representation of the ^^^^ M 
Sn!S amino add abbreviations have the folowing conventional meanings. 



[0005] 
[0006] 
[0007] 
[0008] 
[0009] 
[0010] 
[0011] 
[0012] 
[0013] 
[0014] 
[0015] 
[0016] 
[0017] 
[001Q 
[0019] 
[0020] 
[0021] 
[0022] 
[0023] 
[0024] 
[0025] 



analogs of the present 



29 



40 



Abbreviation 


Amino Acid 


Aba 


orArninobutyricacid 


Ala 


Alanine 


Arg 


Arginine 


Asn 


Asparagine 


Asp 


Asparticacid 


Cva 


Cysteicacid 


Cys 


Cysteine 


Gm 


Giutamine 


GhJ 


Glutamic acid 


Giy 


Glycine 


His 


HistWne 


lie 


Isoteudne 


Leu 


Leucine 


Lys 


Lysine 


Mel 


Methionine 


Nle 


Norteudne 


Nva 


Norvaiine 


Om 


Ornithine 


Phe 


Phenylalanine 


j Pro 


Proline 


Ser 


Serine 


Thr 


Threonkie 


Tip 


Tryptophan 


TVr 


Tyrosine 


VaJ 


Valine 
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sequence at positions 28 and 29 of the B^j- contemplated hereunder, i.e., 

[00271 Firtw modifications of the insulin analogs "^P"*^^" " B29 spe^iy, N may be desirable 
Locations to the Insulin analogs at positions other than at poarttor* B28 and B2**J^ G ln, 
to epttonal^substtutethe Asn residue from P°^1^Ao^^.. th^W substitut e the Asn 

GiuTdy, ThrorSer. and. ^^^^^ ^ch^pS sZtZs^e the effect of increasing 
residue at position 3 of the B-chaln with aspartk: add ^o^a^ rearrangement reac- 

the stability of the anatogs at pH extreme* since P*» ^ a ^^^aS tr^glutamine residues of the Hsulln 
Bona at both tow and high P^^^nd^*^^ 

anatogsn^stmi^ybesensAve^ , 0 the insulin analogs of the 

add is also within the scope of the present invention. '^™'?rr? a1 --^on B 10 with the amino acid 

Jretent Inventon Include (In any combinatton) re P^^ 6 ^ ^ ^ aSScement of the threonine 
aortic acid; replacement of the ^alanine ^ ^ „ 

following amino adds or dlpeptides: Aig, Arg-Arg, Lys, ( *^J B |t Is A»W 

residue. _^«^ . ¥flnHY mrvraantoi or a portion of the connecting peptide fouid 

[0031] Preferred sequences for Y are: 
. Qto^lu-AspW^^ 

. ^lu^eu*.^^^^ 

- GluVua-Glii^sp-LeiJ-Gln-Val-GlyQl^-Va 1 - 01 ^- 

[0032] inadd^wt^erXaloneorXa^ 

me following: -OH, ^W^^ ^InSceutlcaBy acceptable ealte of the Insulin analogs, 
rormi A- mentioned hereinabove, the invention mdudee pn8TnBcwi«™y ~^p«-~ 

available recombinant DNA methods. ,,„,„„-, i. oenslructed sequentially from an initial, insoluble, 

Phase Peptide Synfre^ F^^f* ^^^T^^Lponding to the Oterminel amino acid residue of 
[00361 In general. In the so^phase SJT^ «£. then is formed beginning at the 

the desired peptide Is anchored to an Insoluble resin 8U ^f™ ™ *^^^ ally um ^ desired amino acid 

chain, the peptide Is cleaved from the resin. 
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methodology- In the* preparation, a nucleotide sequence coding forthe desired peptide of the A or B chain is prepared 
using now-routine techniques for such synthesis. These methods generally involve preparation of ollgonucieotides 
coding both for fragments of the desired coding sequence and for the complementary sequence thereof. The oSgonu- 
deotides are designed to provide overlap of one fragment of the cooing sequence with two fragments of the compte- 
5 mentary sequence and ytoe versa. The oligonucleotides are paired and joined, Ultimately producing the desired gene 
sequence. 

[0047] The sequence is inserted Into a clorfng vector at a location which permits the peptide product for which it 
codes to be expressed. A suitable cloning vector contains at least a portion of a gene's expression control sequence. 
[004J] The A and B chains of the insulin analogs of the present invention may also be prepared via a proinsulln-like 

10 precursor molecule using recombinant DNA techniques. See Frank et al., Peptides: Synthesis^tnjcture-Function, 
Proa Seventh Am. Pept Symp., Eds. D. Rich and E. Gross (1981) which is incorporated herein by reference. 
[0049] The step of combining the Individual A and B chains, however produced, may be achieved by the method of 
Chance et al., Pepfldes:Synthesls. Structure and Function:Proc. of Seventh Americ an Peptide Symposium (1981) 
which is incorporated herein by reference. 

15 [0050] The following examples are provided as a means of illustrating the present invention and are not to be con- 
strued as a limitation thereon. 

Example 1 

zo Lys(B28). Pro(B29) Human Insufln 

A. Preparation of Recoribinant^erived A Chain 

[0051] Human insufln A-chain was prepared via recombinant DNA technology from the chemical synthesis of the 

25 gene encoding the Archain and the expression thefeonnE.coJL Briefly, the gene ^ 

various trinucleotides into synthetic fragments, deca-to pentadecanudeotides in length, by a block phosphotriester 
method. The gene had sirigle-etranded cohesive termini for the Eco Rl and Bam HI restriction endonucleases. Insertion 
thereof into an appropriate expression vector containing the p-galactosidase gene (p-gai) rendered a chimeric piasmJd 
having the A-chain linked to the ^-gal gene via a methionine codon. Preferably, the tryptophan synthetase gene (trp 

» LF) Is used as a promoter rather than the 0-gal gene to achieve higher levels of expression. The chimeric piasmJd 
was transformed WoE. coll resulting in the expression of a precursor protein, i.e., p-gaJ-rnet-ArchaJn (or trp LEVnet- 
A^chain when the trp IE promoter system is used). Treatment of the precursor protein with cyanogen bromide cleaved 
the methionine bond to render, after purification, the human insulin A-chain. Oxidative suffitolysis rendered the S- 
sulfbnated Achain which was utilized for combination with the B-chain (Sulfonate) as described, infra. 

95 [0052] For complete details on the chemical synthesis of the genes for the human insulin A-chain see Crea ejjaj., 
Proa Natl. Acad. Sd. USA. 75, 5765-6769, 1978 and references cited therein which are incorporated herein by refer- 
ence. For complete details of the expression in f . cdi of the chemically synthesized gene for the human insulin A- 
chain see Goeddei etaJ., Proa Nat. Acad. Set USA, 76, 101-110, 1979 and references cited therein which are incor- 
porated hereto by reference. 

40 

B. Preparation of B Chain Analog [Lys(B28), Pro<B29)] 

[0053] An Applied Blosystems 430A peptide synthesizer (including software revision 1.4) was used to prepare a 
crude peptidyl resin. 0.5 milBmoies (mMoi) of the starting solid phase resin (t-BOC-ThKBziJOCHj Pam resin) was used 

45 (.76 mMol/g x .658 g). All amino acids used were BOC protected and, except for glutamic acid and rdsUdne, al were 
used directly as received (I d-, m cartridges from Applied Biosystems, Inc., each cartridge contained approximately 2 
mmoi of protected amino add). Glutamic acid and histkfine were obtained from Peptides International Corporation and 
transferred to cartridges such that each cartridge contained approximately 2 mmoi of the desied protected amino add. 
After drying of the crude peptidyl resin (under vacuum at room temperature overnight) its weight was determined and 

50 compared to the starting weight to assure reasonable weight gain. A small portion of sample was submitted for amino 
add analysis to ensure that the desired amino adds were added In the correct amounts. 

[0054] The peptide was cleaved from the peptidyl resin and side-chain deprotected by stirring for approximately 1 
hour at 0°C In a solution of 10 parts (v/w) HF (containing 5% vAf ethyl mercaptan and 5% v/v m-cresd) to 1 part peptidyi 
resin. After removal of most of the HF by vacuum the peptide was precipitated in ethyl ether. After several rinses with 
55 ethyl ether followed by vacuum filtration, the peptide was dissolved in approximately 200 mi of 7M delonteed urea 
containing 0.1M TRIS, 0.1M NajSOa and 0.01M NajS^. The solution was adjusted to pH 8.5 with 5N NaOH and 
allowed to stir vigorously overnight at 4°C. 

[0055] The resulting S-sulfbnated peptide solution was loaded onto a 5 x 215 cm column of Sephadex Q-25 (Fine) 
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at room temperature. The sample was eluted at 20 rrd/rnki at room temperature using 50 mM ammonium bicarbonate. 
The effluent was monitored at 276 nm. 20 ml fractions were colected and a pool of the desired fractions was made 
and further purified by high performance liquid chromatography (HPLC) as follows. 

[0056] The pool of the desired fractions was pumped onto a 2.5 x 30 cm DuPont C8, 9-1 2p. HPLC column and eluted 
s using a linear gradient of increasing aceton fori le in 1 00 mM ammonium bicarbonate at room temperature (2.6 mJ/min). 
The effluent was monitored at 280 nm. 25 ml fractions were collected. Analytical HPLC analyses were conducted on 
selected fractions to determine which fractions to retain. The desfred fractions ware pooled and hyophilzed and used 
in the following combination with the A chain prepared as described above. 

10 C. Preparation of Lys(B28), Pro(B29) Human Insulin 

[0057] The combination of the A and B chain was accomplished by the procedure of Chance et eL, supra. 700 mg 
of the recombinant DNA-derived A-chaJn S-suffonate and 140 mg of the synthetic Lys(B28), Pro(B29) B-chain Sul- 
fonate (both obtained as described above) were each dissolved in 70 mi and 14 ml, respectively, of 0.1 M glycine buffer 
15 at ambient temperature, each adjusted to pH 10.5 with 5N NaOH and then cooled to 5°C. 6 ml of a drthtothrerlol (DTT) 
solution at 10.5 mg/ni was prepared in 0.1 M glycine buffer at ambient temperature, adjusted to pH 10.5 with 5N NaOH 
and then cooled to 5°C. 

[0056] The A- and B-chain solutions were combined, then 5.21 ml of the DTT solution was quickly added (SWSSO* 
= 0.90). The reaction solution was stirred at 5°C In an open 200 mi glass centrifuge bottle for 2.5 hours at 5°C. 46 ml 

20 of glacial acetic acid was added and the solution was allowed to stand at 5°C overnight 

[0050] The resultant precipitated mixture was centrHuged for 20 minutes at 2000 rpm at 5°C. The supernatant was 
combined with a 1M acetic acid wash of the pellet and placed on a 5 x 200 cm Sephadax O-50 (superfine) column in 
molar acetic acid at 5°C and eluted by gravity. Twenty-minute fractions were collected for three days. The fractions 
were examined at 276 nm and some by analytical HPLC. The fractions containing the Lys(B28), Pro(B29) sequence 

29 of the insulin analog were pooled and lyophilized giving a 125 mg sample. This sample was further purified by reverse- 
phase HPLC (using a 2.1 2 x 25 cm DuPont C8 column eluted at room temperature, at 2.6 ml/rnin, using a linear gradient 
of increasing acetonitrile in 0.1 M NaHjPO^ pH 22). Trie effluent was monitored at 276 nm. Selected fractions were 
assayed by analytical HPLC. The desired fractions were pooled and further purified using pH 7 HPLC as follows. 
[0060] The pool from the low pH HPLC preparation run was diluted approximately 2 times in an ice bath with 0.1M 

90 (NHjfcHPO*. The pH was adjusted to 7 with cold 2N NaOH in an ioe bath. The sample was loaded onto and eluted 
from the same HPLC column using the same conditions as the low pH preparation run except the eluting buffer was 
0.1 M, pH 7 (NH4)2HP0 4 /acetonitr1le. 

[0061] The pool from the pH 7 HPLC preparative run was chiled in an ioe bath and diluted two times with 0.1% 
aqueous trifluoroacetic acid (TFA). 1 N HCI was added (cold, sample in ioe bath) to lower the pH to 3. The sample was 
35 loaded onto a Vydac C4 or, alternatively a DuPont C6 HPLC column (2.12 x 25 cm) and eluted with a linear gradient 
of increasing acetonitrile in 0. 1% aqueous TFA. The effluent was monitored at 214 nm or 276 nm. The desired fractions 
were pooled and lyophilized giving a sample yield of 41 mg of the desired analog of greater than 97 percent purity by 
reverse-phase HPLC. 

40 Example 2 

Lys(B26), Pro(B29) Human InsuBn 

[0062] A second method tor preparing Lys(B28), Pro(B29) human insulin employed enzymatic semisynthesis (re- 
45 verse proteolysis) to combine dee-octapeptide Insulin (A 1 . 21 -6^22) with a synthetic octapeptkte. The dea-octapeptide 
insulin was obtatied from a tryptic digest of natural pork or human insulin as described by Bromer and Chance, "Prep- 
aration and Characterization of Des-octapeptkie- Insulin, Blochkn. Biophys. Acta, 133219-223 (1967) which is incor- 
porated herein by reference. The synthetic octapeptkte, Gly-Phe-Phe-Tyr-ThrLys-Pro-Thr, was prepared by automatic 
solid-phase synthesis in the manner described above. 
so [0063] De8-octapeptide insulin (435 mg.) and 465 mg. of synthetic G V-Phe-Phe-iyr-Thr-Lys^ro-Thr were combined 
in 15 ml of a solution containing 1 part dimethyl sulfoxide, 2 parts 1,4-butanedlol and 1 part 0^5M tris acetate buffer 
pH 7.3. The peptides were completely dissolved by wanning the solution on a hot plate. The solution was then incubated 
at 37°C and 90 mg of pork trypsin was added. The soMton was stirred occasionally for 90 
was stopped by combining the solution with 135 ml of 0.05N HCI. 
55 [0084] The titled insJin analog was purified by loading the acidified solution containing the analog onto a 2.5 x 25 
cm C-8 Zorbax HPLC column and eluting It with a linear fpadient of increasing acetonitrile In 0.1 M sodium monobasic 
phosphate pH 22 buffer. The effluent was monitored at 276 nm. The desired fractions were pooled, diluted two-fold 
with water and loaded onto a 1 x 26 cm C-8 mtrasphere HPLC column. The analog was eluted with a linear gradient 
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of increasing acetonitrile in 0.5% aqueous TFA. The effluent was monitored at 276 nm. The desired fractions were 
again pooled and lyophflized to give 125 mg of the purified analog. The structure was verified by amino acid analysis 
(Table I) and mass spectroscopy (MS). 
MS: 5809.2 (Theory: 5808.7). 

s [0085] Fast Atom Bombardment - Mass Spectroscopy analyses provided herein were determined using a VG-ZAB- 
25E double focusing mass spectrometer at a resolution of approximately 1500. The human insulin analogs were dis- 
solved in a mixture of glycerol and thiogiycerol containing oxalc acid. Cesium iodide was used to calibrate the Instru- 
ment which was scanned magnetically from mte 5300 to m/z 6500. Resulting data are presented as average mass + 1 . 

10 Example 3 

Aba(B28), Pro(B29) Human jnsuin 

[0086] Pork des-octapeptlde insulin (384 mg.) and synthetic octapeptide Gly-Phe-Pr^Tyr-TTir-Aba-Pro-Thr (362 
* s mg.) were combined in 13 ml. of a solution containing one part <f methyl sulfoxide, two parts 1 ,4-butanedol, and one 
part 0.25M trie pH 7.3 buffer at 37°C. Pork trypsin (75 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 min. at 37°C. 

[0087] The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eiuted In a shallow acetonitrile gradient in 0.1 

20 M sodium monobasic phosphate, pH 2 buffer. 

[0068] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, and 
pumped onto a 25 x 300 mm C-1 6 Vydac column. The desalted protein was eiuted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the pulfied insulin analog were pooled and lyophilized 
to yield 59 mg. The structure was verified by amino acid analysis (Ifable I) and mass spectroscopy (MS). 

25 MS: 5765.7 (Theory: 5765.6). 

Example 4 

Aia(B28), Pro(B29) Human Insulin 

30 

[0089] Pork des-octapeptkte insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-AJa-Pn>Thr (310 mg.) 
were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanedloi, and one part 
0-25M Ws pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 
for 60 min. at37°C. 

38 [0070] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eiuted In a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0071] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, aid 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eiuted from the column with an ace- 
40 to nitrite gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 43 mg. The structure was verified by arrtrw add analysis (Table I) and mass spectroscopy (MS). 
MS: 5752.3 (Theory: 5751-6). 

Examples 

45 

Arg(B28), Pro(B29) Human Insult 

[0072] Pork des-octapeptkte insuln (290 mg.) and synthetic octapeptide Gry-Phe^h^Ty^Th^Arg-Pro-Thr (310 mg.) 
were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
so 0.25M trta pH 7.3 buffer at 37°C . Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasion^ fy 
for 60 min. at37°C. 

[0073] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N Ha. The entire solution was 
pumped onto a 2 1 x 250 mm C-8 Zorbax column, and the products were eiuted in a shallow acetonitrile gradient In 0. 1 
M sodium monobasic phosphate, pH 2 buffo*. 
55 [0074] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, aid 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eiuted from the column with an ace- 
tonitrile gredent in 05% trifluoroacetic add. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 103 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
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MS: 5836.1 (Theory: 5836.7). 
Example 6 
« Asn(B28). Prefigg) Human Insulin 

[0075] Pork des-octapeptkte Insulin (409 mg.) and synthetic octapeptide Gly^he^he-Tyr-Thr^sn-Pro-Thr (386 
mg.) were combined In 14 ml. of a solution containing one pari dimethyl sulfoxide, two parts 1,4-butanetfoJ, and one 
part 0.25M Ms pH 7.3 buffer at 37°C. Pork trypsin (81 mg.) was added. The solution was mixed well and stirred occa- 
10 stonally for 120 min. at 37°C. 

[0076] The reaction was stopped at this time by adding the mixture to 136 mJ. of 0.05N HQ. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zortoax column, and the products were eluted in a shallow acetonHrile gradient in 0. 1 
M sodium monobasic phosphate, pH 2 buffer. 

[0077] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, aid 
15 pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an aceto nitrite 
gradient in 0.5% triftuoroaoetic acid. The fractions containing the purified insulin analog were pooled and ryophilized 
to yield 58 mg. The structire was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5794.7 (Theory: 5794.6). 

20 Example 7 

Asp(B28). Pro(B29) Human Insulin 

[0078] Pork des-octapeptide insulin (400 mg.) and synthetic octapeptide Gry^r^he-Tyr-Thr^p-Pro-Thr (388 
mg.) were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanedol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (78 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 min. at 37°0. 

[0079] The reaction was stopped at this time by adding the mixture to 137 mJ. of 0.05N HQ. The entire solution was 
pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonHrile gradient in 0.1 

30 M sodium monobasic phosphate, pH 2 buffer. 

[0080] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-18 vydac column. The desalted protein was eluted from the column with an aceto nitrite 
gradient in 0.1% triftuoroaoetic add. The tractions containing the purified insulin analog were pooled and ryophilized 
to yield 85 mg. The structure was verified by amino acid analysis (Tttble I) and mass spectroscopy (MS). 

& MS: 5795.7 (Theory: 5795.6). 

Example 8 

Asp(B10). Lys(B28). Pro(B28) Human Insulin 

40 

A. Preparation of Asp(B10), Lys(B28), Pro(B29) Human Insiiln B-Chain. 

[0081] An Applied Biosystems 430A peptide synthesizer (including software revision 1.4) was used to prepare a 
crude peptidyl resin. 0.5 Miliimoles (mMd) of the starting solid phase resin (t-flOC-ThrfBzlJOCHj Pam resin) was used 

45 (-72 mMol/g. x .705 g.). All amino acids used were BOC protected and, except for glutamic acid, asparrJc acid, and 
hlstldine, all were used directly as received (I.e., In cartridges from Applied Biosystems, Inc.; each cartridge contained 
approximately 2 rnmol of protected amino acid). Glutamic acid, aspartic acid, and histidlne were obWned from com- 
mercial sources and transferred to cartridges such that each cartridge contained approximately 2 rnmol of the desired 
protected amino add. The crude peptidyl resin was dried under vacuum at room temperature overnight and Ha weight 

a> compared to the starting weight to assure reasonable weight gain. A small portion of smpie was submitted tor amino 
acid analysis to ensure that the desired amino acids were added in the correct proportions. 
[0082] The peptide was cleaved from the peptidyl resin and side-chain deproteded by stirring for approximately 1 
hoi* at 0"C in a solution of 10 parts (v/w) HF (containing 5% v/v g-thiocresol and 5% v/v nvcresol) to 1 part peptidyl 
resin. Alter removal of most of the HF by vacuum the peptide was precipitated in ethyl ether. After several rinses with 

55 ethyl ether followed by vacuum filtration, the peptide was dissolved in approximately 120 ml. of 8M guanJdine HQ, pH 
11, containing 0.1M TRIS, 35 mg/rnl. NajSOg and 25 mg/ml. Na^CV ™* solution was adjusted to pH 8.6 with 5N 
NeOH and allowed to stir vigorously for 3 hours at room temperature. 

[0083] The resulting Sulfonated peptide solution was loaded onto a 5 x 215 cm column ofSephadex G-25 (medium) 
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and used In the following comblnattor with the A chain. 

B Common of Asp(B10), Lys(B28), PrefB*) Human M B^haln w«h Human .nsuin A*ha«n. 

of the recombinant D^^^^^^^ ^SveJy. of 071 M g^r« buffer at amblentternperature, 
chainS^^wereeach*^m200j ^^^^SSmS^H) solution at 155 mgJml. was 

UmWrwd ^ 292 ml. mlllW water and 73 ml. a^orW e 

^30 cmVydac C1 8 column ^^j^^^ ^ ^ -sayed by anaiytca. HPLC 

lr.rj.1M NaHjPO* PH 2.1). The acid (TFA). then loaded onto 
and the desired fradtona pooled ^^^^^^^^^^n, acetonitnle in 0.1% 
an Ultrasphere octyl HPLC column "J *J SS^TftJcUons ware assayed by analytical HPLC and the 

aqueous TFA. The ^f^L^ 

desired fractions pooled and repunfled using thesame a yield of 85 mg. of the insulin analog of 

of acetone. The -^ 0 ^^ H ^^£^SS^Z amino add analysis (Table I) and 
greater than 93% purity by reversed -phase HPLC. Tne jnrucw ««"> 



mass spectroscopy (MS) 

MS: 5786.1 (Theory: 6786.7) 

Example 9 

CyafBZB), Proft™ *) Human Insuin 



p 



stonally for 120 min. at 37°C. ^ t0 242 ml. of 0.06N HQ. The entire solution was 

MS: 56315 {Theory: 5831.7). 
Example 10 

Gln <B28l Pro(P ga) Human Insulin 
,00921 portd***-^^ 
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were combined In 10 ml. of a solution containing one part dimethyl eUfodde. two 

J^' T^Son was stopped at this time by adding the nocture to 90 ml. of 0 - 0 ^- ^^^^ 
jTped onto a 21 x 250 mm OSZorbax column, and the products were eWed in a shallow acatonrtnle gn3dient in 0.1 

1 r o uttraaohere column. The desalted protein was eluted from the column with an ace- 

Ld to yield 67 mg. The structure waa verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5809.4 (Theory: 5808.6). 

Example 11 

Qu(B28). Progjjg) Human Insulin 
ol^^bufferatST-a^ 

^ ^ZfJHL was stoooed at this tkne by adding the mixture to 136 ml. of 0.05N HQ. The entire solution was 
pT^al?^ 

f^^ZZT^^^ * anelyticai HPLC. were pocied. dieted ^Jdwtthv^^nd 
Em^-TxCnmC.18Vy^^ 

oradient in 0 5% trifluoroacetlc acid. The fractions containing the purified insulin analog wore podeaaw lyopniinwi 
KSS mg Ti^Lture was verified by amino add ara^sis (Table l) and mass spectroscopy (MS). 
MS: 5809.6 (Theory: 5809.6). 

Example 12 

GMB28). Pm{B2ffl Human Insulin 

,00981 Porkdes^ctapeptkte Insulin (412 mg.) and synthetic octapeplkte G^Pr^^Tyr-^ly-F^TTnr (376 mg.) 
™JSS2Z£tt*^w& one part dimethyl suHoxide. two ^J£^^*£™^ 
0^™^.3bufferat37-C.Pork^^ 

pZ* cSo ^^n!SSLtm colurrxTand the products were eluted in a shallow aceton^te gradient In 0.1 

™!^d aZ STsM rrln^Oydw column. The desalted protein was eluted from the column wtth «n eeetoniWe 

Z^0.^^:Xe fractions ^^^^^-'^T^MsT 
to^eld 11 mg. The structure waa verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 6737.2 (Theory. 5737.6). 

Example 13 

Hte(B28). pm(B291 Human Inauim 

[0101] Pork des-cctapepUde insulin (400 mg.) and synthetic octapeptWe G^P^^-^l!^!"^^^ 
^JSSS^^w^ containing one part dimethyl sulfoxide, two 
OJMbbpHTJ buffer at 3 7-C- Pork trypsin (79 mg.) was added. The sdutto^ 

ToS 0 was stopped at „ b time by adding the mixture to ^S^^S 

"mped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonrtrila gradient in 0.1 
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pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was e luted from the column with an ecetonitrile 
gradient in 0 1% trifluoroaoetic acid. The fractions containing the purified insulin analog were pooled end Iyophilized 
to yield 70 mg. The structure was verified by amino acid artalysis (Table I) end mass spectroscopy (MS). 
MS: 5816.9 (Theory: 5817.7). 

s 

Example 14 

iiafBM), Pro(B291 Human Insulin 

10 (01041 Pork des-octapeptide insulin (409 mg.) and synthetic octepeptide Gty-Phe-Ptie-Tyr-Thr-lle-Pro-Thr (398 mg.) 
were combined in 13 ml. of e solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol and one pert 
0.25MtrispH7.3 buffer at 37»C. Pom trypsin (81 mg.) was added. The solution was mixed well and stirred occasionally 

rai 06] ^TteJaSton was stopped at this time by adding the mixture to 138 ml. of 0.06* HQ. The ent^luton was 
f» pumped onto a 2 1 x 250 mm C-8 Zorbax column, and the products weru eluted in a shallow acetonrtrila gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

raion The appropriate fractions, as determined by analytical HPLC. were pooled, dluted twofold with water and 
pumped onto a 25 x 300 mm C18 Vydac column. The desalted protein was eluted from the cotom^ 
gradient In 0.5% trifluoroaoetlc acid. The fractions containing the purified Insulin analog were pooled and Iyophilized 
20 to yield 57 mg. The stnjcture was verified by amino acid analysis (Table I) end mass spectroscopy (MS). 
MS: 5793.7 (Theory: 5793.7). 

Example 15 

38 Leu(B28). Proffggj Human Insulin 

[0107] Pork des-octapeptide insulin (418 mg.) and synthetic octapeptkte Gry-Ptv^e-Tyr-Th^u^ro-Thr (410 
mg ) were combined In 14 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanedtol, and one 
part 0.25M tria pH 75 buffer at 37° C. Pork trypsin (83 mg.) was added. The solution was mixed well and stirred occa- 

^ mm ^^"on^ stopped at this tine by adding the mixture to 136 ml. of 0.06N HO. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were exited In a shallow acetonrtrile gradient In 0.1 
M sodium monobaste phosphate, pH 2 buffer. ,_„...,. frltM .^ %ro ^ t 

[0109] The appropriate fractions, as determined by analytical HPLC, were pooled, dialed two-fold wflh water, and 

35 pumped onto a 25x300 mm C-1 8 Vydac column. The desalted protein waseluted from the column with anacetomtrile 
gradient in 0.5% trifluoroacetie acid. The fractions containing the purified insulin analog were pooled and Iyophilized 
to yield 74 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5793.8 (Theory: 5793.7). 

40 Example 16 

Me<B28), Pro(B29) Human Insulin 

[0110] Pork des-octapeptide InsUin (290 mg.) and synthetic octapeptJde Gly-Phe^e-Tyr-Thr-Nte-Pn)-Thr(310mg.) 
<s were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butenediol, and one part 
0.26M Ms pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 

Ml ll]" 1 ' The'reaSon was stopped at this Ume by adding the mixture to 90 ml. of 0.05N HO. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were edited in a shallow acetonilrile gradient In 0.1 

so M sodium monobasic phosphate, pH 2 buffer. . , . . . 

fl>112] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted twc-fbld with water, and 
pumped onto a 10 x 250 mm C-8 Ultresphere column. The desalted i>rotem was eMad from the wlunw wlm an aoe- 
tonitrile gradient in 05% trifluoroacetie add. The fractions containing the purified Insulin analog were pooled and Iyophi- 
lized to yield 54 mg. The structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 

ss MS: 6794.6 (Theory: 5793.7). 
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Example 17 

MetfB28), Pro(B29) Human Insulin 

s [0113] Pork des-octapeptide insulin (350 mg.) and synthetic octapeptkte Gly-Pt>e^e-TVr-Thr-Met-4 l ro-Tlir (366 
mg.) were combined In 12 ml. of a solution containing one pad dimethyl sulfoxide, two parts 1,44xrtaneo1ol, end one 
part 0.25M tris pH 7.3 buffer at 37°C Pork trypsin (71 mg.) was added. The solution was mixed well and stirred occa- 
sionally tor 120 mln. at 37°C. 

[01141 The reaction was stopped at this time by adding the mixture to 118 ml. of 0.05N HCI. The entire solution was 
10 pumped onto a 21 x 250 mm C-8 Zortoax column, and the products were efcjted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[01 1 51 The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm 018 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.1% trtfluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
is to yieW 72 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5811 .8 (Theory. 5811 .7). 

Example 18 

20 Qm(B28), Proffigg) Human Insulin 

[0118] Porte des-octapeptide insulin (290 mg.) and synthetic octapeptkte G^Phe^e-Tyr-ThpOrrv^^Tlir (310 
mg.) were combined in 10 ml. of a solution containing one part cl methyl sulfoxide, two parts 1,4-butaneold, and one 
part 0.25M tris pH 7.3 buffer at 37°C Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occa- 

29 sionaily for 90 min. at 37°C. 

[0117] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entfre solution was 
pumped onto a 2 1 x 250 mm C-8 Zorbax column, and the products were efcrted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[01181 The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, and 

30 pumped onto a 10 x 250 mm C-8 Urtrasphere column. The desalted protein was eluted from the column with an ace- 
tonitrile gradent in 0.5% trtfluoroacetic acid. The fractions containing the purified Insulin analog were pooled and lyophi- 
lized to yield 89 mg. The structure was verified by amino add analysis (Ta^ and mass srjectroscopy (MS). 

MS: 5795.2 (Theory. 5794.7). 

35 Example 19 

Phe(B28). Pro(B29) Human Insuin 

[0119] Porte des-octapeptide Insulin (290 mg.) and synthetic octepeptlde Gry-Phe4»rie-Ty-Thr-Phe-Pro-Thr (310 
40 mg.) were combined in 10 ml. of a solution containing one part ol methyl sulfoxide, two parts 1 ^butanedol, and one 
part 0.25M trts pH 7.3 buffer at 37°C. Pork trypsin (80 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 80 mki. at 37°C. 

[0120] The reaction was stopped at this time by adding the mixture to 90 mi. of 0.G5N Ha. The entire solution was 
pumped onto a 21x250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 

45 m sodium monobasic phosphate, pH 2 buffer. 

[0121] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-told with water, and 
pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.1% trifluoroacetic add. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 17 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 

so MS: 5827.9 (Theory: 5827.7). 

Example 20 

ftofBggj Human Insulin 

55 

[0122] Porte des-octapeptide tauRn (339 mg.) and synthe*fcoctapeptide Gly4>he4 > he-Tyr-Thr-Pro-Pro-TTir (363 mg.) 
were oombtoed in 9 ml. of a solution containing one part dimethyl sulfoxide, two parts 1 ,4-butanedtol, and one part 
0.25M trts pH 7.3 buffer at 37°C. Pork trypsin (70 mg.) was added. The solution was mixed well and stirred occasionally 
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SS^Ttw reaction was stopped at Itiis time by adding the mixture to 108 ml. of 0.05N HO. The entire solution was 
pumped onto a 10 x 250 mm C-8Zorbax column, and the products were etoted In a shallow acetonitole gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. ,_ u ^ 

r0124] The appropriate fractions, as determined by analytical HPLC. were pooled, dluted twc-fWd w«h water, and 
pumped onto a 10 x 250 mm C-8 Ultresphere column. The desalted protein was etutod from the column with an ece- 
tonttrile gredent In 05% Wfluoroaoatlcacld. The fractions containing the purified Insulin analog were Pooled and tyophl- 
lized to yield 97 mg. The stricture was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5778.8 (Theory: 5777.8). 

Example 21 

Si^RgH ), Pro(B291 Human Insulin 
[0125] PcrkciesKJctapeptldsinsuIn^ 

were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1.4-butanedlol and one part 
0.25M Ma pH 7.3 buffer at 37° C. Porte trypsin (80 mg.) was added. The solution was mixed well and stirred occasionally 

mvtn ^reaction was stopped at this tfrne by adding the mixture to 137 rrt.of O.O^Hd. ^«en»e^utionwas 
» pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were etoted In a shallow acetonitole gradient In 0.1 

M sodium monobasic phosphate, pH 2 buffer. «um ^ lA ^ xr ^ 

mm The appropriate fractions, as determined by analytical HPLC. were pooled, dluted two-told with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was elated from the column with anacetordtrtte 
gradient In 0 5% trffluoroeoetic add. The fractions containing the purified insulin analog were pooled and lyophilized 
25 to yield 37 mg. The structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 6788.1 (Theory: 5787.6). 

Example 22 

» Thr(B28>, Pro(B291 Human Insulin 

[0128] Pork cfes-octapeptkle Insulin (437 mg.) and syntheflcoctapepttoe Gly-Phe-Phe-Tyr-Trrr--mr-Pro-Tnr (420 mg.) 
were combined In 14.5 ml. of a solution containing one part dimethyl sulfoxide, two parts 1.4-butenediol. and one part 
0.25MtrtepH 7.3 buffer at 37°C. Porte trypsin (86 mg.) was added. The solution was mixed well and stirred occasionally 

^ jo 129]° "The reaction was stopped at this time by addng the mixture to 135.5 ml. of 0.05N HCI. The entire adutton 
was pumped onto a 21 x 250 mm C-8 Zorbax cdumn, and the products were eluted in a shallow aoetonitrile gradient 

in 0.1 M sodium monobasic phosphate, pH 2 buffer. . . 

[0130]"" The appropriate fractions, as determined by analytical HPLC. were pooled, dluted two-fold wrth water^nd 

40 pumped onto a 25x300 mm C-18 Vydac cdumn. The desalted protein was eluted from the column with an acetoniMIe 
gradient in 0.5% trifluoroaoetic add. The fractions containing the purified Insulin analog were pooled arid lyophllrzed 
to yield 78 mg. The structure was verified by amirx) add analysis (Table I) and mass spectroscopy (MS). 
MS: 5781.9 (Theory. 5781.6). 

46 Example 23 

Trp(B28). Pro(B29) Human Insuln 

M131] Pork des-octapeptide Insulin (31 0 mg.) and synthetic octapeptlde Qly-Phe-Phe-Tyr-Trir-Trp-Pro-Ttir (325 mg.) 
so were combined in 1 0.5 ml. of a solution containing one part dimethyl sulfoxide, two parte 1 ,4-butenedtol, and one part 
0.25M Ms pH 7.3 buffer at 37° C Porte trypsin (64 mg.) was added. The sdutton was mixed well and stirred occasionally 

roiffl ^ 8 raedton was stopped at this time by adding the mixture to 140 ml. of 0.05N HCI. The entire sdutton was 
pumped onto a 21x250 mm C-8 Zorbax column, and the products ware etoted in a shallow acetonitrile gradient in 0.1 

ss M sodium monobasic phosphate, pH 2 buffer. , , ^ .. , , , . . 

10133] The appropriate fractions, as determined by analytical HPLC. were pooled, dluted two-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac cdumn. The desalted protein was eluted from the column with an acetonitole 
gradient In 0.6% frlfluoroacetlc acid. The fractions containing the purified Insulin analog were pooled and lyophllrzed 
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to yield 47 mg. The struck** was verified by amino add analysis ffeWe I) and mass spectroscopy (MS). 
MS: 5866.2 (Theory: 5866.7). 

Example 24 

Tyr^B28). Pro(B29) Human Insulin 

[0134] Ponxdes-octapeptkle insulin (391 mg.) and synthetic cctapeptide Qly^he-PtTe-Tyr-Trv-Tyr-F^Thr (400 mg.) 
wem combined in 13 mJ. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25MtrispH 7.3 buffer at 37°C. Pork trypsin (79 mg.) was added. The solution was mixed well and stirred occasional V 

for 120 min. at 37°C. 1M(1 _ 

[01351 The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N Hd. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zoroax column, and the products were ehjted In a shallow acetonltrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. . 
15 [0136] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonltrile 
gradient in 0.5% trifluoroacetic add. The fractions containing the purified Insulin analog were pooled and ryophilized 
to yield 30 mg. The structiFe was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5843.7 (Theory: 5843.7). 

20 

Example 25 

Val(B28). Pro(B29) Human Insulin 

25 [0137] Pork de^octapeptide insulin (400 mg.) and syrrthefic octapeptlde Gly-Prie-Rie-Tyr-Thr-N^ro-Thr (383 mg.) 
were combined in 12 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M trte pH 7.3 buffer at 37°C. Pork trypsin (78 mg.) was added. The solution was mixed well and stirred occasionally 

[01381 ^^e^ton was stopped at this time by adding the mixture to 238 ml. of 0.05N HQ. The entire solution was 
30 pumped onto a 21 x 250 mm C-8 Zoroax column, and the products were eWed In a shallow acetonitrile gradient in 0-1 

M sodium monobasic phosphate, pH 2 buffer. 

[0139] The appropriate tractions, as determined by analytical HPLC, were pooled, diluted four-told with water, and 
pumped onto a 25 x300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient In 0.1% trifluoroacetic add. The fractions containing the puttied insulin analog were pooled and ryophilized 
36 to yield 74 mg. The stnjctue was verified by amino acW analysis (Table I) an^ 
MS: 5780.0 (Theory: 5779.8). 

Example 26 

40 NvafB28). Propjgg) Human Insuin 

[0140] Poric oes-cotapepWe insulin (292 mg.) and synthetic octapeptlde Gly-Ptie^he-TVr-Thr-Nva^ro-Thr (279 
mg) were combined in 10 ml. of a solution containing one pad dmethyl sulfoxide, two parts 1,4~butaneo1ol, and one 
part 0.25M trispH7J5 buffer at 37"C. Pork trypsin (57 mg.) was added. The solution was mixed well and stirred occa- 

4« atonaJly for 120 min. at 37°C. ^ tmU 

[0141] The reaction was stopped at thtettrro by adding the ml^^ 

pumped onto a 21 x 250 mm C-8 Zoroax column, and the products were eWed In a shallow acetonltrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0142] The appropriate fractions, as determined by analytical HPLC, were pooled, dluted two-told with water, and 
so pumped onto a 25 x 300 mm C-18 vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophlllzed 
to yield 51 mg. The structure was verified by amino add analysis (Table i) and mass spectroscopy (MS). 
MS: 5780.0 (Theory: 5779.6). 

55 Example 27 

[0143] Utilizing the procedures set forth herein, the following additional insulki analogs are prepared: 
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(a) Asp(B1) l Lys(B28) > Pro(B29) Human Insulin 

(b) <^Pne-B1),Lys(B28),Pro(B29) Human Insulin 

(c) des(Phe-B1) f Asp(B10) f Lys<B28),Pro(B29) Human Insuln 

(d) des(Phe-B1 ( VaJ-B2) l Ly8(B28) P Pro(B29) Human Insulin 

5 (e) des(Phe-B1 ,VahB2)^sp(B10),Ly8(B28) ( Pro(B29) Human Insulin 

(f) Gly(A21).Asp(B10),LyB{B28),Pro(B29) Hunan Insulin 

(g) Ala(A21),Asp(B10) f Lys(B28).Pro(B29) Human Insuln 

(h) desCThr-B30),Lys(B28),Pro<B29) Human Insulin 
(I) Asp(B10),Afg(B28),Pro(B29) Hfcjman Insulin 

10 (j) Ala(A21) f Arg(B28),PrQ<B29) Human Insulin 

(k) Asp(B1),Aig(B28),Pre(B29) Human Insdin 

Example 28 

ts Lvs(B28). Pro(B29) Human Insufin 

Construction of Recombinant Nfectors and Hosts 

A. Conatnjction of Rasmid pCZR126S 

20 

1 . Isolation of Pjagnjd pKC283 

[01441 LyopNIsofE. Mil K1 2 BE1201/pKC283 are obtained from the Northern Regional Research Laboratory, Peoria, 
Illinois 61 604, under the accession number NRRL B-15830. The lyophOs are decanted into tubes containing 10 ml LB 

26 medium (10 g Bacto-tiyptone, 5 g Bacto-yeast extract, and 10 g Nad per liter; pH is adusted to 7.5) aid incubated 
two hours at 32°C, at which time the cultures are made 50 wjtaH in ampidlin and then incubated at 32°C overnight 
The E. ori K12 BE1201/pKC283 ceils were cultured at 32°C, because the ceils comprtee a temperature-soTSitive d 
repressor gene intubated Wo the cellular DNA. When cefls that comprise a wild-type lambda pL repressor gene or 
do not comprise a lambda pL promoter are utilized in this piasmkJ isolation procedure, as described in subsequent 

30 Examples herein, the temperature of incubation is 37*0. 

[0145] a small portion of the overnight culture is placed on LB*gar (LB medium with 1 6 gfl Bacto-agar) plates con- 
taining 60 tig/ml ampidlin In a manner so as to obtain a single colony isolate of E. coji K12 BE1201/pKC283. The 
single colony obtained was inoculated into 10 ml of LB medium containing 50 yg/ml ampkalBn and Incubated overnight 
at 32°C with vigorous shaking. The 1 0 ml overnight culture was inoculated Into 500 ml LB medium containing 50 

35 ml ampicilin and incubated at 32»C with vigorous shaking until the culture reached stationary phase. 

[0148] ThefoOowtog procedure is adapted from Maniattsetai., 1982, Molecular Cloning (Cold Spring Harbor Labo 

[OUT] Theoellswere harvested by centn^jgation at 4000 g for 10 minutes at 4°C,^ 

The eel peilet was washed In 100 ml of kswold STE buffer (0.1 M Nad; 10 mM Tris-HCI, pH 7.8; and 1 mM EDTA). 
40 After washing, the cell pellet was resuspended in 10 ml of Solution 1 (50 mM glucose; 25 mM Tris-HCI, pH 8.0; and 
10 mM EDTA) containing 5 mg/ml lysozyme and left at room temperature fbr 10 minutes. Ttoenty ml of Solution 2 (0 J 
N NaOH and 1% SOS) were then added to the tysozyme-treated cells, and the solution was gently mixed by inversion. 
The mixture was incubated on ice fbr 10 minutes. 

[014Q Fifteen ml of toxoid 5 M potassiim acetate, pH 4.8, were added to the lysed-ceil mixture and the solution 
46 mixed by inversion. Thesolutton was im^bated on ice for 10 nrtfrwtea. The 5 M potassium acetate^ 

by adding 11.5 ml of glacial acetic add to 28.6 ml of water and 60 ml of 5 M potassium acetate; the resulting solution 
is 3 M with respect to potassiivn and 5 M with respect to acetate. 

[014?] The lysed cell mixture was centrifuged in a Sectarian SW27 (or its equivalent) at 20,000 mm for 20 minutes 
at 4°C. The cell DNA and debris formed a pellet on the bottom of the tube. About 38 ml of supernal 

so and 0.8 volumes of isopropanol were added, mixed, and the resulting solution left at room temperature for 1 5 minutes. 
The piasmid DNA was collected by centrHugatlon at 12,000 g for 30 minutes at room temperature. The supernatant 
was discarded, and the DNA pellet was washed with 70% ethanol at room temperature. The ethanol wash was de- 
canted, and the pellet was dried in a vacuum desiccator. The pellet was then resuspended in 8 ml of TE buffer (10 mM 
Tris-HCI, pH 8.0, and 1 mM EDTA). 

55 [0150] Eight grams of CsCI were added to the DNA solution. About 0.8 ml of a 1 0 mg/ml solution ofethkfium bromide 
in water were added for each 10 ml of CsCt-DNA solution. The final density of the solution was about 1 .55 g/ml, and 
theethkflum bromide concentraton was dbout 600 yg/ml.The solution wast 
tube, filled to the top with paraffin ol, sealed, and oerrtrifoged at 46,000 r 
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two bands of DNA were visWe in ordinary light After removing the cap from the tube, the lower DIMA band was removed 
by using a syringe with a #21 hypodermic needle inserted through the side of the centrifuge tube. 
[0151] The ethkfium bromide was removed by several extractions with water-saturated 1-butanol. The CsCJ was 
removed by dialysis against TE buffer. After extractions with buffered phenol and then chloroform, the DNA was pre- 
5 ciprtated, washed with 70% ethanol, and died. About 1 mg of plasmid pKC283 was obtained and stored at 4*C in TE 
buffer at a concentration of about 1 pg/pl. A restriction site and function map of plasm id pKC283 is presented in Figure 
1 of the accompanying drawings. 

2. Construction of Piasrrrid PKC283PX 

10 

[0152] About 10 pjJ of the piasrrrid pKC283 DNA prepared in Example 1 were mixed with 20 pj 10 X medium-salt 
restriction buffer (500 mM NaO; 100 mM Tris-HCI. pH 7.5; 100 mM MgCfe; and 10 mM DTT), 20 pi 1 mg/ml BSA, 5 pi 
restriction enzyme Pvu ll (-50 Units, as defined by Bethesda Research Laboratories (BRL), from which all restriction 
enzymes used herein were obtained), and 1 45 jjJ of water, and the resulting reaction was incubated at 37°C for 2 hours. 
h Restriction enzyme reactions described herein were routinely terminated by phenol and then chloroform extractions, 
which were followed by precipitation of the DIMA, an ethanol wash, and ^suspension of the DNA in TE buffer. After 
terminating the Pvu ll digestion as described above, the Pvull -digested ptesmid pKC283 DNA was precipitated and 
then resuspended In 5 jjJ of TE buffer. 

[0183] About 600 picomoies (pM) ofXhoi linkers (5*-CCTCGAGG-3 t ) were Wnased in a mixture containing 10uJ5X 
20 Kinase Buffer (300 mM Tris-HCI, pH 7.8; 50 mM MgCfc and 25 mM DTT), 5 pi 5 mM ATP, 24 pi r^O, 0.5 pi of T4 
polynucleotide kinase (about 2.5 units as defined by P-L Biochemicais), 5 jxl 1 mg/ml BSA, and 5 pi of 1 0 mM spermine 
by incubating the mixture at 37°C for 30 minutes. 

[0154] About 12.5 pJ of the kinased Xhql linkers were added to the 5 pi of Pyull-digested piasmid pKC283 DNA, and 
then 2.5 pi of 10 X Itgase buffer (300 mM Tris-HCI, pH 7.6; 100 mM MgQ 2 ; and 50 mM DTT). 2.5 pi of 1 mg/ml BSA, 

25 7 pi of 5 mM ATP, 2.5 pi (about 2.5 units as defined by P-L Biochemicais} of T4 DNA ligase, 2.5 pi of 10 mM spermidine, 
and 3 pi of water were added to the DNA. The resulting ligation reaction was incubated at 4°C overnight After the 
ligation reaction, the reaction mixture was adjusted to have the composition of high-salt buffer (0.1 M NaCI; 0.05 M 
Tri^HCI, pH 7.5; 10.0 mM MgC^; and 1 mM DTT). About 10 uJ (100 units) of restriction enzyme Xhol were added to 
the mixture, and the resulting reaction was incubated at 37°C for 2 hours. 

&> [0155] The reaction was terminated, and the Xhol-digested DNA was precipitated, resuspended, and llgated as 
described above, except that no Xhql linkers were added to the Igatton mixture. The llgated DNA constituted the 
desired plasmid pKC283PX. A restriction site and function map of plasmid pKC283PX is presented in Figure 2 of the 
accompanying drawings. 

35 3. Construction of E. coil K12 MCXVVoKC2a3PX 

[0150] E. coii K12 MO(X + )can be obtained from the Northern Regional Research Laboratories in tyophyiized form 
under the accession nunber NRRL B-15993. E. coii K12 MO(X + ) comprises the wild-type lambda pL cl repressor gene, 
so that transcription from the hybrid pL-ipp promoter of the present invention does not occur In E. coll K12 MO(X + ) 
40 ceils. The lyophita are reconstituted, sin£e colonies of MO(X + ) are isolated, and a 10 ml overnight cUture of the MO 
(X+)cejls Is prepared in substantial accordance with the procedure of Example 28A1, except that the temperature of 
incubation is 37°C and no ampicilin is used in the growth media. 

[0157] Fifty pi of the overnight culture were used to inoculate 5 mi of LB meda which also contained 1 0 mM MgS0 4 
and 10 mM Mgd 2 . The culture was incubated at 37°C overnight with vigorous shaking. The following morning, the 

45 culture was diluted to 200 ml with LB media containing 10 mM MgS0 4 and 10 mM MgCfe. The diluted culture was 
incubated at 37° C with vigorous shaking until the absorbanoe at 560 nm (A^q) was about 0.6, which indicated a cell 
density of about 1x10 s cels/ml. The culture was cooled for ten minutes in an Ice-water both, and the cells were then 
collected by centrifugatkxi at 4000 g for 1 0 minutes at 4°C. The cell pellet was resuspended in 100 ml of cold 10 mM 
MgS0 4 and then immediately re-pelleted by centrifugation. The cell pellet was resuspended in 100 ml of 30 mM CaCl^ 

& and incubated on ice for 20 minutes. 

[0158] The cells were again collected by centrifugation and resuspended in 10 mi of 30 mM CaC^ A one-half ml 
ailquotofthe eels was added to the llgated DNA prepared in Example 28A2; the DNA had been made 30 mM in CeC^. 
The cell-DNA mixture was incubated on ice for one hour, heat-shocked at 42°C for 90 seconds, and then chilled on 
ice for about two minutes. The cell-DNA mixture was diluted into 10 ml of LB media in 125 ml flasks and incubated at 

& 37°C for one hour. One hundred pi aliquots were plated on LB-agar plates containing ampicillin aid incubated at 37°C 
until colonies appeared. 

[0159] The colonies were individually cultured, and the plasmid DNA of the individual colonies was examined by 
restriction enzyme analysis and gel electrophoresis, Plasmid DNA isolation was performed on a smaller scale In ao 
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^ h~ of ExHmote 28A1, but the CsCt gradient step was omitted until the desired E. cdi K12 

ed In Figure 2 of the accompanying drawings. 
4. Construction of E. coll w MqVVDKC283-L 



DNA Inker had the following structure: 

5 • -GATCTATTAACTCAATCTAGAC-3 ' 

iimiiiniimiM 

3 « - ATAATTGAGTTAGATCTGAGCT- 5 

HBflHHB 

™d rf Dtaamid DKC283-L b presented In Figure 3 of the accompanying drawings. The ptasmld ^« 83 ^ r ^ w « 
Z tSn. E ^K12^S^nd the resulting E. coN K12 UO^KOMW. transformer** were Wentrfled * 
substantial accordance with the procedure of Example 28A3. 

S. Construction of E. coll K12 MOtt.*VbKC283-I.B 

.l. -* nirrrau riMA_ Dreoared substantial accordance with the procedures of Example 

of Example 2SA1 . A restrictai site and furdion map of ptasmkJ pKC283-LB Is presented In Figue 4 01 me aocun^- 
nying drawings. 
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6. Construction of E. odi K12 MQg*VpL32 



101681 About 10 wj of plasmid pKC2a3PX were digested with restriction enzyme Sail In higftealtbulfer. treated with 
E !!L ^^^t^Mmun fS-GAGGAATTCCTC-3 1 ) m substantial accordance with the procedure of Example 

en^eTc!S.^Sli * the J2£n of -2.1 kb of DMA. the -4.0 ^f^^^J^r^^^ 
: . lZ * nioe^iH nKP9f«PRS The Doated DNA was used to transfoon E. coH K12 MO(X ) In substantial 

Iti) J^n^Tpsti and Sohl After Incubating the reaction at 37°C for about 2 hour*, the reaction mixture was 
S25SS!iS B^^en^Z agarose (FMC Corporation. Marine CoUe*. DMslon, Rodder*. 

Maine 04841) gel for 2-3 hours at -130 V and -76 mA in Ths-Acetate buffer. M .«n**»~aM kb 

is Sn The oal was stained in a dilute solution of ethidium bromide, and the bend of DNA constituting the ~0.85kb 

20 Irfan mtogoue manW^asmid pKC283-LB was digested with restriction enzymes Mand JpM. end the 

of this Example upon plasmid pKC2B3-LB. 
7. Construction of E. oolK12 MOft 4 VbL47 

* [0170] E. coii K12 RV308/pNM789 can be obtained from the Northern Regional ^^J^,^^"^^ 
fan ide7tte accession number NRRL B- 1821 6. A restriction site and function map of pNM789 is pnwerrtfd ^ Rgure 

L^n^eSl^e^rabjre of Incubation b 37-C. Ten micrograms of pNM789 ere suspended^ 200£ 

Sated lor 5 minutes at 37°C. The enzyme Is Inactivated by heating 10 mlnutea at OPC 30 ^JOX^rnH^ 
blT^mMTris-HCI (pH 8.0). 1M NaCI end 70 mM MgCy, 70 ul ^^X^XSSTJSSSl jj 
^reaction is Incubated for 1 hour at 37=C. This is followed by the addition of 5 units of ekeline (ta^H lend 
J^SSTfor T£7£c. The DNA fragments ere separated on a 1 percent agarose gel, end e DNA fragment 
4* (Figure 8) the size of a single cut fragment is purfted. ^^^^ ^ ^ teachina 

[0171] a DNA linker with a blunt end and a BamHI end Is synthesized In substantial accordance with the teaching 
of Example 28A4. TWs linker (shown at 118 In Figure 8) has the following structure: 

50 5 • -CTCTGCCTTCTAC-3 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 _ e , 
3 ' -CACACOGAAGATCCTAC-5 1 



25 



30 



53 



ti» linker Is kJnased and Ikjated into the BamHI-Pvull digested plasmid pNM789 In substantial accordance with the 
^7cf E^^^^lioatior, n^*Se Is^sed to transform E. coli K12 RV308 cete 
perf^upon^ transformants m substantial accordance wtth me teachtig of Example 28A3. Several piasmlds 



19 



EP 0 678 522 B1 



are selected which contain the appropriate size Pvull frequent (494bp) and XM-BemHI fragment <628bp). The se- 

<^ce of at least two of these Is detemiined sequent 

done is selected with the desired sequence. This intermediate plasmid is desigra^ 

of this procedure and a restriction stte and faction map of plasmid 120 is presented in Figure 8 of trie accompanying 

5 JlS^To isolate the EK-BGH-enoodlng DNA, about 10 *ig of plasmid 120 were digested in 20Q uJ of high-salt buffer 
containing about 50 units each of restriction enzymes Xbal and BamHI. The digestion products were separated by 
agarose gel electrophoresis, and the -0.8 kb Xbal-BamHI restriction fragment which encodes EK-BGH was isolated 
and prepared tor ligation in substantial accordance with the procedure of Example 28A6. 

10 [01731 Plasmki pL32 was also digested with restriction enzymes Xbal and BamHI, and the -3.9 kb restriction frag- 
ment was isolated end prepared for ligation. The -3.9 kb Xbal-BamHI restriction fragment of plasmid pL32 was "gated 
to the ~0 6 kb Xbal-BamHI restriction fragment of plasmid 120 In substantial accordance with the procedue of Example 
28A2 to yield plasmid pU7. A restriction site and function map of plasmid pU7 Is presented In Figure 9 of the accom- 
panying drawings. Plasmid pU7 was transformed into E. coli K1 2 MO(V) in substantial accordance with the procedure 

is of Example 28A3, and the E. roll K12 MO0L*)/pL47 transformer^ were identified. Plasmid pL47 DNA was prepared 
from the transformants in substantial accordance with the procedures of Example 28A1 . 

8. Construction of E. oollK12 RV30B/DPR12AR1 

20 [0174] Plasmid pPR12 comprises the terrperatore-seroitive PL repressor gene c!857 and the plasmid pBR322 tet- 
racycline reslstance^onferring gene. Plasmid pPR12 is disclosed and claimed In U.S. Patent #4,436,815. Issued 13 
March 1984. A restriction site and function map of plasmid pPR12 is presented in Figure 10 of the accompanying 

raiT^About 10 ^g of plasmid pPR12 were digested with about 50 units of restriction enzyme EcoRI In 200 jd of 

25 high-salt buffer at 37°C for two hours. The EroRI-digested plasmki pPR12 DNA was precipitated and treated with 
Kienowin substantial accordance with the procedure of Example 28A5. Alter the Wenow reaction, the EooRI-digested, 
Wenow-treated plasmid pPR12 DNA was recircularized by ligation in substantial accordance with the proceAjre of 
Example 28A2. The ligated DNA, which constituted the desired plasmid pPR12AR1 , was used to transform E. K12 
RV308 in substantia! accordance with the procedure of Example 28A3, except that selection was based on tetracycline 

30 (5 ug/ml) resistance, not ampicilln resistance. E. roii K12 RV308 is aveleWe from the NRRL under the accession 
number NRRL B-15624. After the E . cofl K12 RV308ApPR12AR1 transformants were Werrtrfled, plasmid pPR12AR1 
DNA was prepared from the transformants In substantia] accordance with the procedure of Example 28A11. 
[0170] About 1 0 ug of plasmid pPR1 2AR1 were dfeested with about 50 units of restriction enzyme Aval in 200 pi of 
medium-salt buffer at 37°C for 2 hours. The Aval-digested plasmid pPR12AR1 DNA was precipitated and treated iwtth 

36 Wenow in substantial accordance with the procedure of Example 28A5. After the Wenow reaction, the Awl-digested, 
Wenow-treated plasmki pPR12AR1 DNA was Dgated to Eco RI linkers (5 1 -GAGGAATTCCTC-3') m siDstantial accord- 
ance with the procedure of Example 28A2. After the Inker ligation, the DNA was precipitated and then resuspended 
in about 200 pi of high-salt buffer containing about 50 units of restriction enzyme EwR1. The resulting reaction was 
Incubated at 37°C for about 2 hours. After the EcoRI digestion, the reaction mixture was loaded onto an agarose gel, 

40 and the -5.1 kb EcoRI restriction fragment was purified in substantial accordance with the proceAjre of Example 
28AB. The -5.1 kb EcoRI restriction fragment was redrcularteed by ligation In substantial accordance with the pro- 
cedure of Example 28A2. The Bgated DNA constituted the desired plasmid pPR12AR1 . The plasmid pPR12AR1 DNA 
was transformed into E. cxtf K12 RV308 in substantia] accordance wfth the procedure of Example 28A3, except that 
selection was based on tetracycline resistance, not ampiciilin resistance. After identifying the E . ooli K12 

4$ RV308/pPR1 2AR1 traitsformants, plasmid pPR1 2AR1 DNA was prepared in substantial accordance with the procedure 
of Example 28A1 . A restriction site and fonctton map of plasmid pPRl 2AR1 Is presented in Figure 11 of the accom- 
panying drawings. 

9. Construction of E. coJL K12 KV3QB/PL110 

[0177] About 1 0 tig of plasmid pPR12AR1 DNA were suspended In about 200 ml of high-salt buffer containing about 
50 units each of restriction enzymes Pstl and EcoRI, and the digestion reaction was incubated at 37°C for about 2 
nous. The reaction mixture was then loaded onto an agarose gel. and the -2.9 kb Pstl-EroR1 restriction fragment of 
plasmid pPR12AR1 was Isolated and prepared for ligation in substantial accordance with the procedure of Example 
59 28A8. 

[0178] About 10 ug of plasmid pL47 were digested with restriction enzymes Psfl and BamHI in 200 ul of high-salt 
buffer at 37»C for two hours. The Pstt-BamHI-dlgested DNA was loaded onto an agarose gel, and the -2.7 kb Psti- 
BamHI restriction fragment that comprised the origin of repflcatkxi and a portion of the ampidlHn reststance^xxiferrlng 
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gene was isolated end prepared for ligation in substantial accordance with the procedure of Example 28A8. 1 n a sep- 
arate reaction, about 10 ug of plasmid pL47 DNA were digested with restriction enzymes EcoRI and BamHI In 200 ul 
of high-salt buffer at 37° C for two hours, and the - 1 .03 kb EcoRi -BamHI restriction fragment thai comprised the novel 
transcriptional and translations! activating sequence and the EK-BQrVencoding DNA was isolated and prepared for 
s ligation in siAstantial accordance with the procedure of Example 28A8. The -2 ug of the -1.03 kb EcoRi -BamHI 
restriction fragment obtained were used in the construction of plasmid pL110. 

[0179] The -2.7 kb Pstl-BamHI end -1-03 kb EcoR! -BamHI restriction fragments of plasmid pL47 were ligated to 
the -2.9 kb Pstl-EcoRI restriction fragment of plasmid pPR12AR1 to construct plasmid pL110, and the ligated DNA 
was used to transform E. coU K12 RV308 in substantial accordance with the procedure of Examples A2 and 28A3, 
10 except that tetracycline resistance, not ampldllin resistance, was used as the basis tor selecting trarwfbrmants. 

[0180] Two Psti restriction enzyme recognition sites are present in the EK-BGH coding region that are not depicted 
in the restriction site end friction maps presented in the accompanying drawings. A restriction site and function map 
of plasmid pL110 b presented in Figure 12 of the accompanying drawings. 

15 10. Construction of £. coJi K12 RY308/pL110C 

a. Construction of E. cdi K12 RV306/PL110A 

[0181] About 1 ug of plasmid pL1 10 DNA was digested with restriction enzyme Ndel In 20 jxl total volume containing 
» 2 mJ of 10X high-salt buffer (1.0 M *teCI; 0.50 M Trte-HCI, pH=7.5; 0.10 M MgCi* and 10mM dithiothrettol) and 3 units 
of Ndel enzyme for 1 hour at 37°C. The reaction mixture was extracted with phenol/chloroform and the DNA precipitated 
wmiemanol. Tne Ndel-digested plasmid pL110 DNA was deserved in 50 |xl of IXWenow buffer (40 mM KP0 4 , pH=7.5; 
6.6 mM MgCfc 1.0 mM 2-mercaptoetrmnd; 33 }iM dATP; 33 \iM dCTP; 33 pM dGTP; and 33^ TTP). Two |il (-10 
units, New England Biolabs) of the large fragment of E. coji DNA polymerase I , known as Klenow, were added to and 
55 mixed with the DNA, and the resulting reaction was incubated at 16°C for 1 hour. The reaction was terminated by 
phenol extraction and the DNA conventionally purified. The Ndel-digested, Klencw-treated DNA was then ligated with 
T4 DNA Ogase at 4°C for 1 6 hours. The resulting DNA was used to conventionally transform E.coli K12 strain RV308 
(NRRL B-15824). Transformants were selected on L-agar plates containing 100 \ig/m\ amptcillin and plasmids isolated 
from resistant colonies by the rapid alkaline extraction procedure described by Bimboim and Doly. A plasmid (pL1 1 0A 
30 in Figure 1 3) lacking an Ndel site was selected. 

b. Construction of Phage DL110B by Slte-Sceciflc Mutagenesis 

[0182] The protocol for eliminating the BamH I site In the tetracycline resistance-conferring gene by site-specific 
35 mutagenesis is shown on the right hand side of Figure 13 of the accompanying drawings. 

b(i) Construction of Phage M13Tc3 

[0183] PiasmW pL110 served as the source of the tetracycline resistance-conferring gene. About 50 ug of plasmid 
40 pL110 in 50 pi of TE buffer were added to 25 jii of 10X Hindi 1 1 buffer and 170 pi of H 2 0. About 5 jil (-50 units) of 
restriction enzyme Hndlll were added to the solution of plasmid pL110 DNA, and the resulting reaction was Incubated 
at 37°C for 2 hours. About 13 ^ of 2 M Trls-HCI. pH=7.4, and 5 pjJ (-50 units) of restriction enzyme EcoRi were added 
to the Hkidlll-digested plasmid pL110 DNA, and the reaction was Incubated for 2 more hours art 37°C. The reaction 
was stopped by extracting the reaction mixtise with TE-saturated phenol; the phenol was removed by chloroform 
4$ extractions. The EcoRWindllNjgested plasmid pL110 DNA was then collected by predpitation and centrifogation, 
loaded Into a 1% agaose gel, and the large -4.3 kb EcoRI-Hndlll restriction fragment was isolated and purified. 
[0184] About 5 ug of phage m13mp1 8 (New England Biolabs) were dissolved in 50 ^ of TE buffer and then dgested 
with Hindll I end EcoRi as described above. The Hlndlll-EcoRI-cut phage M13mp18 DNA was piffled as described 
for pL110 except that an -725 Kb restriction fragnent was isolated and purified, 
so [0185] About 100 nanograms of the ^4.3 kb Hlndlll-EcoRI fragment of plasmid pL110 were mixed with about 100 
nanograms of the -7.25 kb Hindlll-EcoRI fragment of phage M13mp18, 2 M of 10X ligase buffer, 1 \i) (-100 units) of 
T4 DNA ligase, and 14 ^ of H 2 0. The BgatJon reaction was incubated at 1 5°C for 1 .5 hours; the ligated DNA constituted 
the desired phage ml 3Tc3 DNA. A restriction site end function map of phage m13Tc3 Is presented in Figure 1 3 of the 
accompanying drawings. 

55 [01 88] One ml of an overnight culture off. coji K12 JM109 (E. coji K12 JM101 , available from New England Biolabs, 
can be used instead of E. coll K12 JM109) was used to inocUate 50 ml of L broth, and the resulting culture was 
incubated at 37°C with aeration until the 0.0^, was between 0.3 and 0.4. The cells were resuspended in 25 ml of 
10 mM NaCI, Incubated on tee for 10 minutes, and collected by centrifogatton. The cells were resuspended In 1 .25 ml 
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of 75 mM CaCI 2 : a 200 pi alquot of the cells «m removal, added to 10 pi of the ligated DKIA prepared above, end 
incubated on toe for about 40 minutes. The cell-DNA mixture was then Incubated at 42X for 2 va^ng 
ateuoted 10 and 100ul) were removed and added to 3 ml oftop agar (Lbioth with 05% agar kept molten at 45°C) 
mat also i contained 50 pi I of 2% X-Gal, 50 uJ of 100 mM IPTG. and 200 pi of E. cpli K12 JM109 In logarithmic growth 
s phase. The cell-top agar mixture was then plated on L-agar plates containing 40 pgftnl X-Gal (5-br«nc-4-chk^n- 
Sc^CWhiogalado^e) and 0.1 mM IPTG (IsopropyH^togalectoside). and the plates were incubated at 37=C 

Jo^The following morning, several clear, as opposed to blue, plaques were IrrfMduaDy used to 

L broth and the resulting cultures were Incubated at 37°C with aeration for 2 hours. The absence of blue color irxfcates 

10 the desired DNA insertion occurred. Then, the cultures were centrifuged, and 200 pi of the resulting supernatant were 
added to 10 ml cultures <O.D« = 0.5) of E. coji K12 JM109 growing at 37X with aerettoru These cuttures were 
incubated for another 30 minutes at 37°C; then, the cells were peleted by ^"^J°^S 
rSlcat^fom, of the recombinant phage they centred. r^ble-stranded, ^^°J™J^°^ a ^* 
from the cells using a scaled-down version of the procedure described in Example 1 . Trartsformants containing phage 

18 ml 3Tc3 DNA were identified by restriction enzyme analysis of their phage DNA. 

b(|j) Preparation of SinglB-Stranded Phao e m13Tc3 DNA 

[01881 One and one-half ml of an overnight cutture of E. coll K12 JM109/m13Tc3 were centrtftjged. and 100 pJ of fte 
» phage m13lc3-contalnlng supernatant were used to Inoculate a 25 ml cutture of E.cpJI JM109 at an OD^ of about 
04-O5 The culture was Incubated for 6 hours at 37°C wtth aeration, at which time the culture ^f^^** 1 
the resulting suernatont. about 20 mi, transferred to a new tube. About 2 ml of a solution containing 20% 
glycol (PEG) 6000 and 14.6% Nad were added to the supernatant, which was then incubated on ice f" 20 minutes. 
mm The supen^t wm centrifugedfor25 rrinutes at 7000 rpm, and the resulting P^ 1 * 
* stranded phage m13Tc3 DNA, was resuspended hi 500 pi of TE buffer. «*^^«^E- 
saturated^hend and twx* with chloroform. The singkwtranded DfiAwast^npcedptatedus^^Acarrfethanoi 
and certrtfoged. The resulting pellet was washed with 70% ethanol, dried, and then dtesoived in 60pJ of Hfi. 

b(lll) Mutagenesis 

[01901 The single-stranded DNA fragment used H the mutagenesis was synthesized on an automated DNA synthe- 
sizer. The fragment has the sequence, 5" -CCCQTCCTGTGQATACTCTACGCCGA-3', and ishomotogous te me region 
surrounding the BamHI site (ff-GGATCW) in the tetrecycJne resistance-conferring gene from^as^ pBR322 ex- 
cept that the A rescue second frxxn the end (or toird frc^ the 3' end) is a C in plasmld pBR322. TOs change does 

» not alter the amino add composition of the tetracycline resistancenxMifemng P/^J^f^^^^' ^ 
[01911 About 10 piccmolea of the mutagenic primer and the M13 universal primer (Belhesda Research Laboratories 
BRL) P.O Box 6009. Gatthersburg, MD 20760) were individually treated with 10 units (BRL) of T4 por^ucteodde 
kinase in 20 ul of 1X kinase buffer (60 mM Tri*HCI, pH = 7.8; 15 mM 2-mercaptoethanoi; 10 mM W*^?*^* 
ATP) for 30 minutes at 37"C. The Idnase-treated DMAs were used In the mutagenesis procedure described betow. 

40 [0192] The anrieallr* reaction was carried otf 

m13Te3, 1 ptcomole (2 pi) of the universal primer, 1 picomoie (2 pi) of the mutagenic primer, 2jiJof 10X anneafng 
buffer (100 mM Tria-HCI. pH=75; 1 mM EDTA; and 500 mM Nad), and 12.8 pi of HjO. The reaction was Incubated 
at80»Cfor2inlriutes,et50-Cfor5n*iuteB,Br* 1JTV1 u _. . 

[01931 The extension reaction was canted out by adding 5 ill of 10X extension buffer (500 mM Tris-HO. pH=8. 1 

« mM EDTA; and 120 mM MgCy;Splof2mMdATP; 1 pJofasolutionamMlneachofdGTP. TTP.anddC TPj 1 pl(~2 
units, Phaimacla P-L Btocnemlcals, 600 Centennial Avenue, Plscateway. NJ 08854) of Kle now enzyme; W00 units) 
QfT4DNAIIgase;and 17 ul of HzO to the mixture of armeated DNA The extension reaction was Incubated at room 
terrverBture for 1 hour, then at 37°C for 2.5 houre, and then overnight at 4°C. 

[0194] The reaction was slopped by two extractions with TB-satu rated phenol, which were followed by two extractions 
so with CHCU. The DNA was precipitated with ethanol and NaOAc. The DNA was collected by centrifugation and resus- 
pended in 50 ul of H 2 0, and 6 ul of 1 0X S1 buffer were then added to the solution of DNA 
roi95] The solution of DNA was spit equally into three tubes. About 200 units (Mies Laboratories) of S1 nuclease 
were added to two of the tubes. One 81 reaction was Incubated at room temperature for 5 minutes, the other foMO 
minutes. The reactions were stopped by extracting the reaction mixture twice wtth TE-salurated phenol .The phenol 
ss extract werafollowedby two extras m,xture 
with NaOAc and ethanol. The untreated sample of DNA served as a negative control. The Si-treated samples were 
keot separate from each c^herthroughout the remainder of the procedure but gave similar resets. 
[0196] Th*DNApelletowerei»iJspendedln20pJofH^ 
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E. coi K12 JM109 (E. coll K12 JM101 could also be used) In accordance with the procedure used during the construction 
of phage m13lb3, except that nolPTG or X-Gai was added to the plates. 

[0197] Double-stranded replicativeform DNAfrom about 48 plaques was isolated as described above and screened 
for the presence of a BamHI restriction site. Isolates without a BamH I site were further screened by preparing single- 
s stranded DMA as described above. The single-stranded DNA was sequenced using the dideoxy sequencing method 
(J.H. Smith, 1980, Methods in Enzymology 65: 560-580). The desired isolate was designated pL110B (Figure 13). 

c. Construction of Piaamld PL110C 

10 [0198] About 50 ug of the repOcative form of phage pL110B DNA were digested in 250 jil of 1X Nhej butter (50 mM 
NaCI- 6 mM Tris-HCI, pH=7.5; 6 mM MgCfc end 6 mM ^rnercaptoethanoO containing -50 units of Nhel restriction 
enzyme at 37°C for 2 hours. Five uJ of 5 M Nad were then added to the Nhel-digested phage pL110B DNA, followed 
by 6 ill (-50 units) of Sail restriction enzyme. Digestion was continued for 2 hours at 37°C. Trie desired --422 bp Ntel- 
SaJI fragment containing the mutated region of the tetracycline resistarrce-conferring gene was then Isolated from an 

15 acrylamWe gel, according to well known standard procedures. 

[0199] PtasmW pL1 1 0A DNA was digested wtth Nhel and Sal I under identical conditions, except that plasmid pL110A 
was substituted for phage pL110B. The -6.1 kb Nhd-Sall restriction fragment of plasmid pL110A was purifled from 
agarose. 

[0200] The desired plasmid pL110C was constructed by Ogatlng together 100 nanograms each of the Nhel-Sall 
20 fragments of pL 11 OA (-6.1 kb) and pL1 10B (-422 bp) using conventional procedures. A restriction site and function 
map of plasmid pL1 10C is presented In Figure 13 of the accompanying oYawtngs. Trie desired plasmid pL11 0C confers 
tetracycline resistance to 1 0 ug/mi tetracycline in E. coll but lacks a BamHI site in the tetracycline reslstartce-conferring 
gene. 

25 11. Construction of Plasmid pCZR111 

[0201] Plasmid pL110C contains a single Oat restriction site which was removed by running the following reactions. 
About 1 iig of plasmid pLUOC was digested withOal in substantial accordance with the teaching of Example 28A2, 
except restriction enzyme Clal and 10X Oel Buffer (500 mM Nad, 100 mM Tris-HCI (pH 7.9) and 100 mM MgCy 
30 were used. The Clal -digested DNA was then treated with Wenow in substantial accordance with the teaching of Ex- 
ample 28A5, except only dCTP, rather than all four dNTPs, was added. 

[0202] The DNA was then precipitated and resuspended in 60 yd of Mung Bean Nuclease Buffer (60 mM Sodium 
Acetate (pH 5.0). 30 mM NaG and 1 mM ZnSOJ. One unit of Mung Bean Nuclease (commercially evafiaWe from New 
England Blolabs) was added and the reaction was Incubated at 30°C for 30 minutes. Trie tube was then placed In ice 
35 and NaCI was added to 0.2 M, then the mixture was phenol/chloroform extracted, ethand precipitated and resuspended 
in 10 mM Tris-HCI (pH 8.0). Trie DNA was then self-llgated and transformed into E. cofi cells in substantial accordance 
wtth the teaching of Examples 28A3 and 28A4. Trie resultant plasmid was designated plasmid pCZR111. 

12. Construction of Plasmid PCZR126S 

40 

[0203] About 26 ug of plasmid pCZR111 was digested with Xbal as follows. 10XXbal butter consists of 600mM 
Tris-HCI, 100mM MgC^ 1 M NaCI, and 10mM 2-rmxcaptDethanol. pH 7.5 (at 37°Q. 50 ul of 10X Xbal buffer. 15 ul of 
Xba I (10U/ul), and 185 ul of H 2 0 were added to the 250 ul of water containing about 25 ug of plasmid pL110. The 
digestion proceeded at 37°C for 1 hour. Xbal digested pL110 was then extracted in phenol, a 1/10 volume 3M 
45 CH 3 COO-Na was added, 3 volumes of ethanoi were added; the mixture was Incubated in a dry Ice-ethanol bath for 5 
minutes, and then centrifoged The precipitated DNA was resuspended In 60 ut HgO. 

[0204] The Xbal digested plasmid pCZR111 was digested with Bam HI as follows. 0.2 ul of BamHI (10 uVul). 10 ul of 
BamHI buffer (100mM Tris-HCI, 50mM Mgd 2 , 1 M Nad, and 10mM 2-Mercaptoethanol. pH 8.0 [at 37°C]), and 90 ul 
of r^O was added to the 50 ul of Xbal digested pL110 obtained hereinabove. The digest proceeded for 5 minutes at 

so 37°C. The digested pCZR111 was extracted in phenol, a 1/1 0 volumes of C^COONa* was added, followed by addition 
of 3 volumes of ethanol. Precipitated DNA was resuspended in 50 ul of 10mM Ths, 1mM EDTA, pH 8.0 buffer. 
[0205] The Xbal and Bam HI digested pCZR111 was then loaded onto an agarose gel and the DNA band at about 
5.8 kb was isolated. Plasmid pCZR1 26S was produced by ligating the -5.8 kb fragment of pCZR111 to an Xbal to 
Ndel linker and a synthetic gene encoding EK-bovtne growth hormone, which contains an NdeJ site on its 6 1 end and 

as a BamHI site on its 3 1 end. The Xbal to Ndel sequence was produced using standard oligonucleotide sequence meth- 
odotogy and consists of the following sequence: 
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5' Cl a gaggctattaataatgtatattgatttt AAT AAGGAGGAATAATCA 3' 

TCCCATAATTATTACATATAACTAAAATTATTCCTCCTTATTAGTAT 5' 

[0206] The above sequence was constructed by chemical synthesis of both strands, followed by fixing to alio* 
hybridization. The gene encoding EKbGHwas constructed from 16 chemically synthesized pieces of stngle^randed 
DNA. ranging from 71 to 83 nucleotides long, which together comprise both complementary strands of the entire gene. 
The synthesis was done using an Applied Blosystems (ABS) machine and consists of the following sequence: 

5' TATGTTCCCATTGGATGATGATGATAACTTCCCAGCCATGTCCTT 

1 1 1 1 { 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 f 1 1 1 

ACAAGGGTAACCTACTACTACTATTCAAGGGTCGGTAxAGGAA 

GTCCGGCCTGTTTGCCAACGCTGTGCTCCGGGCTCAGCACCTGCATCAGCTGGCTGCTGA 
1 1 1 1 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 it 1 1 1 1 1 1 1 If II 
CAGGCCGGACAAACGGWK^^ 

CACCTrCAAAGAGTTTGAGCGCACCTACATCCCGGAGGGACAGAGATACTCCfcyCCAGAA 

i ? 1 1 1 1 1 s 1 1 1 1 1 m i ii 1 1 ii 1 1 1 1 1 1 f it 1 1 1 1 1 1 1 m i ii 1 1 1 1 1 1 s ti i t^ULlJLU. 

GTGGAAGTTTCTCAAACTCGCGT 

CACCCAGGTTGCCTTCTGCTTCTCTCAAACCATCCCGGCCCCCACGGGCAAGAA^M? 

iiiiiiuiiiiiiiiMniiiiiiiiiiiiiiinniiiniMiiiiiiiiiNii 

GTGGGTCCAACGGAAGACGAAGAGACTTTGGTAGGGC 

CCAGCAGAAATCAGAOTGGAGCTGCTTCGCATCTCACTGCTCCTCATCCAGrCGlW 

i ii iYmiii 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 ii 1 1 i 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

GGTCGTCTTTACTCTGA^CTCGACGAAGCGTAGACT 
TGGKCCCTGCAGTTCCTCAGCAGAGTCOTCACCAAWGCnGCT 

Hill llllllll I Hill I MINIMI IIMNIIMIMIIIIIII 

ACCCGGGGACGTCA^ 

CCGTCTCTATGAGMGCTGAAGGACCTGGAGGMGX^TCCTGGCCCTGArGCGG^GCT 
I II 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 tl M 1 1 ti II 1 1 1 

GGCACAGATACT^GAOTCCT^ 
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GCAA<MT«raCCCCCCG«K^ 

iiri it iif ill iiiiii Jiiii lit f in if iiiiiiitriMiiifiiif iiifiiii 

CCTTCTACCCTOHXX^ 
AAACATCCGacrrCACMCCKGCTGCTCM^ 

llltlffllllttlflllllltlllllltlltllllllllflftllllllllllfllltl 
TTTCTACWGTCACTGCTtXMH^ 

GCACCTGCATAAGACGGAGACCTACCTCAG<KrrCATCAACTGCCCCC 

i i 1 1 f 1 1 f 1 1 1 f 1 1 1 f ! 1 1 1 1 1 1 M I ! I II I f I f 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 

CCTGGACCTATTCTGCCTCTGCATCfMCTCC^ 

CAGCTGTGCCrrCTAG 3* 
llllllllllllllil 
CTCGACACCCAAGATCCTA6 3 1 

[0207] Construction of plasmid pCZR126S was accomplished by ligation of the following site components: -0J28 
ug of the 5.8 kb fragment obtained from plasmid pL110 after complete digestion with Jfoal end partial digestion with 
BamHI In a total volume of 2 ul, -0.18 ug of the synthetic gene encoding a bovine growth factor derivative which has 
a 5* termni corresponding to a XtaJ site and a 3* termini corresponding to a Bam HI site in a total volume of 2.5 ul, 8.75 
picomoles of the chemically synthesized Xbal to Ndel linker In 1 ul. Trie plasmid components were added to 6 ul of fix 
ligation buffer 250 mM Tris-HCI, 50 mM MgCl* 5 mM ATP, 5 mM DTT, 25% v/v polyethylene glycol 8,000, pH 7.6, 2 
ul of llgase, and 16.5 ul of H^O. The ligation mixture was incubated overnight at 16°C. The circularized plasmid 
pCZR126S was then used to transform E. con RV308 cells in substantial accord with the method of Example 28A3. A 
restriction site and function map of plasmid pCZR126S Is presented in Figure 14 of the accompanying drawings. 

B. Construction of Human Proinsulin Expression Plasmid pRB172 

1. Construction of plasmid PRB146 

[0208] The human proinsulin gene was first custom synthesized and cloned into PUC18 plasmid (commercially avail- 
able from BRL). The gene was synthesized using standard techniques and comprises the sequence: 
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10 



15 



HiadHI Ndel Dr * in 
• 1 AGCTTCAT ' ATCTATTTTCTTAACCAACACCTGTGCGGCTCCCACCTG GTGGAAGCTCT 
AGTA TACATAAAACAATTGGTTCTGGACACGCCGAGGGTGGAC CACCTTCGAGA 

GTACCTGCTCTGCGCTGAACCTGGCTTCnCTACACCCCGAAGACCCGCCCTGAGGCA 
CATGGACCACACGCCACTTGCACCGAAGAAGATCTGGGGCTTCTGGGCGGCACTCCGT 

Avail x f aI 
GAG 1 GACCTGCAGGTGGCTCAGGTGGAGCTGGGCGCTGGC * CCGGGTGCAGGCAGCCTGC 
CTC CTGGACCTCCACCCACTCCACCTCGACCCGCCACCG GGCCCACGTCCGTCGGACG 



AGCCGCTGGCCCTGGAGGGTTCCCTGCAGAAGCGTGGCATTGTGGAACAArGCTCTAC 
TCGGCGACCGGGACCTCCCAAGGGACCTCTTCGCACCGTAACACCTTGTTACGACATG 
20 BamHI 

CAGCATCT(JCTCCCTCTACCA<}CT<XJA^ 3' 
CTCCTAGACGAGGGACATGCTCGACCTCTTGATGACCTTGATC CTAGGCTTAAj 5' 
25 EcoRI 

One of the donee having the correct sequence was selected for the production of cesium chloride purified DMA. The 
plasmid was isolated by the standard procedure 

90 

(WAA<»T«XmCCCCG(K}CTGGGa^ 

iMiMiiMiinniiiiMnHiiiiiiiiiMmiii »;UiJiii!!UUi 

CCTTCTACCCTGGGGGGCCCGACCCGTCTAGGAGTTCGTCTGGATACTGTTTAAACTGTG 
AAACATGCGCAGTGACGACGCGCTGCTCAAGMCTACGGTCTGCTCTCCTGCT^ 

m n 1 1 1 1 1 1 n i n 1 1 i 1 1 1 1 1 m i n ii m ii "14 1 mum mi mm 

TTTGTACGCCTWCTGCTGCGCGACGACTTCTTGATGCCAGACGAGAGGACGAAGGCCTT 
<o GGACCTGCATAAGACGGAGACGTACCTGAGGGTCAIGAACTGCCGCCGCnCGGGGAGGC 

MlllinillHIMHIIIIIMMIIIIIIIIIIIIIIIIIIIIIIIlinilllll 

CCTGCACCTAWCTGCCTCT^^ 

CAGCTGTGCCTTCTAG 3' 

49 IIIIIIIIIIIIIIH 

CTCGACACGGAAGATCCTAG 5' 

[02091 Construction of plasmid pCZR126S was accomplished by ligation of the following ate 
so ug of the 5.8 Kb fragment obtained from plasmid pL110 after complete digestion with Xbajand pa^^esflon w«h 
BamHI In a total volume of 2 ul. -0.18 ug of the synthetic gene encoding a bovine growth ^tf™^™™*" 
aTterminl corresponding toa^ajsteanda 3 1 termini corresponding to a BamHI site In a total u ■ 

picomdes of the chemically synthesized Xbal to Ndel linker In 1 ul. The plasmid components were addedto 6ulof 5x 
SZffer 250 mM TrinO. 60 mM MgO* 5 mM ATP. 5 mM DTT. 25% vAr por^nag^l 8 000 pH 7*2 
a J of ligase. and 16.6 ul of Hfi. The ligation mixture was incubated overnight at The droilarteed plaanrdd 
PCZR126S was then used to transform E. ^i RV308 cede In subefantlal accord with the method of Exan^28A3. A 
restriction site and function map of ptaemki pCZR126S is presented in Figure U of the gj 
w^mnu Molecular Cloning. A Laboratory Manual. (1962) ed. by ManlaBs, V, Frllsch, E.F. and Sambrook, J., Cold 
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Spring Harbour Laboratory Publications, New York the entire teaching of which is herein incorporated by reference]. 
About 6 |d (20 pg) of this piesmid DMA was added to 20 pi of 10X Ndel buffer (150 mm NeCI, 10 mM Tris-HCI (pH 7.0), 
6 mM MgCU. 6 mM 2-merceptoethenol, 100 pg/ml BSA), 5 pi Ndel restriction enzyme (-40 units) end 169 pi HjO. 
After mixing, the reaction was incubated at 37»C for 2 hours. The DNA was precipitated by maldng the mix 0.3 M 
NaOAc adding three volumes of ethanot, mixing and chilling to -70°C and cerrtrifuging. The DNA pellet was washed 
with 70% ethenol (1 ml), dried and dissolved in 20 pi of 10X BamHI buffer (150 mm NaCI. 6 mM Tris-HCI (pH 7.9). 6 
mM MgCI* 100 pg/ml BSA). 2 pi of Bam HI restriction enzyme (40 units) and 178 pJ HjO. After gentle mixing, the 
reaction was Incubated at 37 S C for 2 hours. The DNA was again predplated with three volumes of ethanol as above 
and eiectrophoresed on a 1% low melting agarose gel (FMC, sea plaque agarose). The desired DNA fragment corre- 
sponding to about 270 bp was sOced from the gel and then DNA was recovered by melting trie agarose and passing 
though en Elutlp-d column (Schleicher & SchueO, Keene, N.H.) according to the procedure recommended by the 
vendor. After precipitation and drying, the DNA was stored in 30 pi of 10 mM Tris-HCI pH 8.0. 
[0210] About 16 pg of plasmld pCZR126S (from Example 29A12) was suspended In 20 pJ of 10X Ndel buffer. 6 pi 
of Ndel restriction enzyme (40 units) and Hp (176 pi), gently mixed and Incubated at 37°C for 2 hours. After the 
irKubation the DNA was precipitated with three volumes of ethanol as above, dried and then resuspended in 20 pi of 
10X BamHI buffer, 2 pi of BamHI restriction enzyme (40 units) and 178 pi water. After gentle mixing, the reaction was 
incubated at 37°C for 2 houre. The DNA was again precipitated with three volumes of ethanol and electrophoreses on 
a 1% low-melting agarose gel. The larger fragment corresponding to the vector DNA was sliced from this gel and the 
DNA was recovered by the ElutJp-d column procedure as described above. After precipitation and drying the vector 
DNA was stored In 35 pi of 10 mm Tris-HCI pH 8.0. 

[02111 About25^ofthevectorDNAwasmbcedwitn12ploftherxirifled Hunw insulin gene fragment from above, 
4 pi of 1 0 mM ATP, 0.5 pi of 1 M dithtothreltol. 5 pi of 10X Ugase buffer (500 mM Tris-HCI pH 7.8, and 100 mM MgClj), 
26 pi of water and 0.5 pi of T 4 -ONA Ugase (Pharmacia. 3.5 units). The reaction was incubated at 4"C for 16 hours. 
The ltaated mixture was diluted with 50 pi of 10 mM Tris-HCI (pH 7.6) and 3 pi of 1 M CaOj and then subsequently 
transformed into f. coli K12 IW308 in substantial aax^ 

on TY plates supplemented with 5 pg/ml tetracycline then incubated overnight at 32°C. 

[021 2] Plasmids from 3 mL cultures were isolated from tetracycline resistant colonies by the rapid alkaline extraction 
procedure described in Molecular Cloning. A Laboratory Manual (1982) ed. by Marriatis, T. , Frttsch. E.F.. and SambrooK, 
J. Cold Spring Harbour publications. New York, (page 368-369). The presence of the correct human proinsufin gene 
fragment was found by miniscreen procedure using pofyacrytamlde gel electrophoresis to analyze the Xtal/BamHI 
digested fragment Those piasmlds with the correct size (about 315 bp) Inserts were selected for amplification and 
purification. The plasmld containing the human prolnsuBn gene was pRB145. A restriction site and function map of 
plasmld pRB145 is presented in Figure 16 of the accompanying drawings. 

2. Construction of plasmld pRB164A 

[02131 About 30 pg of ptasmkJ pRB146 was suspended in 20 pi of 10XNdel buffer, 5 piofN^ restriction enzyme 
(New England Biolabs, 40 units), and 175 pi HjO gently mixed and Incubated at 37»C for 1 hour. Two pi of BamHI 
restriction enzyme (New England Btolabs. 40 unto) was then added to toe reaction mixta* and ttiel^ 
was continued for another 2 hours. The DNA was precipitated with three volumes of ethanol and 0.3M NaOAc and 
eiectrophoresed on a 1 % low melting agarose gel. The smaller (about 270 bp) Ndel/BamHI restriction fragment erv 
coding the human proinsulln gene was sliced from the gel and the DNA was recovered by passing through en Elutip- 
d column as described previously. After precipitation and drying, the DNA was stored In 30 pi of 10 mM Tris pH 8.0. 
[02141 To this DNA (30 pJ) was then edded 20 pi of 10X Avail buffer (50 mM Nad, 6 mM Tris-HCI, pH 8.0, 10 mM 
MgQ 2 , 6 mM 2-mercaptoethanol, 100 pg/ml BSA), 5 pi of Avail restriction enzyme (New England Biolabs. 20 units), 
and 176 pi of HjO. After gently mbdng, tote reaction was incubated at 37*C for 2 hours. The DNA was precipitated with 
three volumes of ethanol and 3M NaOAc (20 pi) and then eiectrophoresed on a 1 .2% low melting agarose gel. The 
larger Aval l/BwnHI restriction fragment (about 156 bp) was siced from the gel and then DNA was recovered by passing 
through^ EkltJp-d column as described above. After precipitation and drying, the DNA was stored In 30 pi of 10 mM 

tris pH 8.0. , „ 

[021 5] The DNA (-115 bp) corresponding to the Ndel/Avall restriction fragment of human proinsulln gene was syn- 
thetkaly prepared. The first step consisted of synthesis of four single stranded deoxyriboclgorudeotides by the DNA 
synthesizer (Applied Btosystems, model 380B). The nucleotide sequences of these four oligonucleotides are 
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10 



1S 



20 



25 



30 



40 



50 



TATGCCTATGTTTGTTAACCAACACCTGTGCGGCTCCCACCTG 
GTGGAAGCTCTCTACCT (60 mer) 



GGTGTGCGGTGAACGTGGCTTCTTCTACACCAAGCCGACC 
CGCCGTGAGGCAGAG (55 mer) 



CACCAGGTACAGACCTTCCACCAGGTGGGAGCC 
CCACAGGTGTTGCSTTAACAAACATACGCA (62 mer) 



GTCCTCTGCCTCACGGCGGGTCGGCTTGGTGTAGAA 
GAAGCCACCITCACCGCA (54 mer) 

[0216] After puHfying each oBgonudaotide by polyaoybrnlde gel ^^f^^^l^H 

were phosphoJlBted according to the teachings of Brown. E.L., Beiagaje. R-. Ryan. MJ ^ Minna. " ^ <™» 

r*!ZZ!Lv Ed bvWu R. Academic Press. N.Y. 68, 109-151 the entire teaching of which is herein 

^S^^'^T^^^^ and llgated In abutter (200 jil) containing SO mM Tds-HCI 
^TS^Tl^n. 50 S^end 20 unHs of T 4 DMA "^^^ 6 ^^^ 

followed bv desalting on a Sephadex O-50 column. The yield of the desired ligated product was ^ pmaes. 
EST SbouTlOO^TOteaofttitoDNA were phosphocyteted In a buffer (60 J"™'" 

5*(C« mM tSrend ATP. as described In ^^**-«« , ^ h *ESS?53K 
teaching of which is herein incorporated by reference. After filtration through a column of Sephadex G-50, the DNA. 

mSTtEA* « wctor DNA (Njtol-BamHI digested pCZR126S) was mixed <« «M^W« 
S^^niert Ln ptasnld pRB145 and 10 pi (10 pmctes) Ndel/Avall synthatto " n f If^f^J™ ^ 
^p^SEoSO mM ITH. (PH 7.6). 10 mM MgCI 2 . 10 mM DTT. 800 pi ATP snd 3-5 °^^ n 
^t^wbs Incubated at 4°C overnight and then transformed into E. coli K1 2 RV308 in accordance with the P™**™ 

^e^rtransforrnant was grown at 30°C in TY media containing 5 ug/ml tetracycline to an OD-w of about 02 
ISi^Wwdthw sWftedto 42°C for 3 to 3.5 hours to Induce the synthesis of the human proinsulin. The cete 
^Z^Tw*^^ of sampto buffer (0.125 M Tris-Hd (pH 6.8). 2% SDS. 30%g^^M 

TSSXEmlSt^ ?A restriction site and function map of ptesrrtd pRB164A is presented in Figure 17 of 
the accompanying drawings. 
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3. Construction of ptasmid pRB1 72 

[0219] About 25^ of ptesrrdd pRB145 was suspended in 15 pi of 10X Droll I buffer (200 mM NeCI. 50 mM Ths-HCI 
(pH 7 5), 10 mM MgClj. 1 mM DTT, 10 pg7ml BSA) 6 |il of Drain restriction enzyme (Boehringer Mannheim, 27 units) 

5 and 129 uJ of H,0, gently mixed and incubated at 37°C for 6 hours. After the incubation, the DNA was precipitated, 
dried end resuspended in 10 pi of 10X Xtal buffer (150 mM NaCI. 6 mM Tris-HCI pH 7.9, 6 mM MgOj, 7 mM 2 
rrwrcaptoethanol, 100 pg/ml BSA), 3uiofXbal restriction enzyme (Boehringer Mannheim. 36 units) end 77 pi of HjO. 
Tbe reaction was gently mixed and Incubated at 37= C for 4 hours. The DNA was again precipitated with three volumes 
of ethanol and NaOAc and electrophoresed on a 1% low melting agarose ge). The lower band corresponding to me 

10 about 85 bp Xbal/Dralll restriction fragment of human proinsuDn gene was sliced from the gel and the DNA was re- 
covered by thellu^d column procedure. After precipttatlon and drying, the DNA was stored in 30 pi of 10 mM Tris 

[0220] About 16 ^ of plasmld pRB164A was cut with the restriction enzyme Dralll and Xbal in accordance with the 
procedure described above. The upper band corresponding to the Xbal/Dralll vector fragment was isolated from the 
« agarose gel by the Elutip-d column procedure. After precipitation and drying, the DNA was stored in 30 pi of 10 mM 



[02211 About 5 iil of the Xbal/Dralll digested pRB184A vector DNA was mixed with 6 pi of the Xbal/Dralll restriction 
fragment from plasmld pBR145 In a buffer (50 pJ) containing 50 mM Tris-HCI (pH 7.6). 10 mM MgCla. 10 mM DTT. 800 
pM ATP and 8 units of T 4 DNA llgase. The reaction was incubated at 4°C overnight and used lo transform E. ccjj 

» K12/RV308 cells made competent by a standard CaC^ treatment. 

[0222] Transformants were selected on TY agar plates containing 5 pg/ml tetracycline. Plasmlds were isolated from 
tetracycline resistant colonies by the rapid alkaline extraction procedure and analyzed by digestion with Xbal and 
BamHI restriction endonucleases. DNA from positive clones was sequenced using the saquenase system (U.S. Bto- 
choricals). Those ptasmids with the correct desired sequence were selected for amplification and purification. In this 

2s manner the E coll K12 RV308/pRB172 transformant was isoiatad. Expression and accumulation of human prolnsulln 
harboring this plasmid was analyzed by visualization of the total celular protein following etectrophoretic separation 
in a 15% potyacylamide matrix A restriction site and function map of plasmld pRB172 is presented in Figure 18 of the 
accompanying drawings. 

» C. Construction of Escherichia coll RV308/pRB173 and pRB174 

[0223] About 20 pg of plasmld pRB172 or pRB145 was suspended In 20 pi of 10X Xbal buffer (150 mm NaCI, 8 mM 
Tris-HCI pH 7.9, 6 mM MgCfe, 7 mM 2-mercaptoethancl, 100 Hfl/ml BSA) 2 pi of Xbal restriction enzyme (Boehringer 
Mannheim. 24 units) was added, gently mixed and Incubated at 37»C for 4 hours. After the Incubation, the DNA was 
W precipitated dried and resuspended in 10 pi of 1 0X BamHI buffer (100 mM NaCI, 10 mM Tris-HCI (pH 8.0), 5 mM 
MgCU 1 mM 2-fnercaptoethanol. 100 pg/ml BSA). 5 pi of Bam HI restriction enzyme Boehringer Manhekn (40 unite) 
and 76 pJ of H,0. The reaction was gentry mixed and incubated at 37»C for 4 hours. The DNA was again precipitated 
wimetharxaandNaOAcertoelectropnoresedonal^ 

Hon fragment corresponding to the human protosuln gene was Isolated from the gelby the Hutip^cdLsnn procedure. 
40 After precipitation and drying, the DNA was resuspended in 20 pi of 10X Xmal buffer (25 mM NaO, 10 mM Tris-HCI 
(pH 7.5). 10 mM MgCU, 10 mM 2<nercaptoethanol. 100 p&mH BSA), 10 pi of Xmal restriction enzyme (New England 
Btolabs 10 unite) and 170 pJ of water. The reaction was gently mixed and Incubated at 37»C for 4 hours. After the 
Incubation the DM was predated wrfretnenol an^ 

The larger DNA corresponding to the about 200 bp Xbal/Xmal restriction fragment was siloed from the gel and the 
« DNA was recovered by the Elutlp-d column as described before. The DNA was stored in 30 pi of 10 mM Tite pH 8.0. 
[0224] The 61 bp DNA corresponding to an Xmal/BamH I restriction fragment of human protnsJIn gem was con- 
structed synthetically as follows. Two single stranded deoxyriboollgonudeo«des: 

CCGGCTGCAGGCAGCCTGCAGCCfK^GCCCTGGAGCGITCCCTGCAGTAG (51 mer) 

50 

and 

a (aTCCTACTGCAO^CCCTCCAGGW^ 

were synthesized on en applied Btosystems DNA Synthesizer (model 380B) and purified by polyacylamide gel elec- 
trophoresis In presence of 7 M urea. After isolation, the two oligonucleotides were phosphorylated according to the 
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teachings from Brown, E.L, Bete**, R-. Ryan. M.J.. and Khorana. H.C. (1979) Methods In Enzymology. Ed. by Wu. 

K,cCZm Smmtk 6 m M MgCfe. 7 mM 2-rn^captoethan*. 100 iptfml BSA) ^ * JgjJ***" 
a enzyme (Boehrtnger Mannheim. 24 units) and 178 pi of water. The reason was gent* ^^«^ a t37»C 
farThoum After this incubation. 4 pi of 5M NaCI and 2 pi of BjrnHI restriction enzyme (New England BWabs, 20 
S w^XZ ^SaJwas continued fc< anoth^ 2 hours al 37X. The DNA was then ^P^"* 
SloT^d NaSc by the standard procedure and electrophoresed on a 1 % tow melting agarose gd Jhe ^nd 
corresponding to Xtal/BamHI vector DMA was isolated with a Elutip-d column. After predpitaUcn and drying, the DNA 

10 isrSofS^ 

^Ln^tfJn dRB14?o7 dRB172 and 4 ul of the KJnased Xrnal/BarnHI linker prepared above in a bufler (50 pi) 
coSng^i C ^ e)^ mM MgC^IO mM DTT, 800^ ATFand 6 units of T 4 DNA Dgase. Theje^on 
^USSSH 4-C ovemlgni and used to Jansform E. coji K12 RV308 MM laecor^nce mjA 
» SEtoMAS. The des^oVansformarrts. E. coB K12 RV308/pRB173 (If 

=nrjr™n K12 RV308/DRB174 (if made from the pRB145 vector fragment) were identified by analysis of their ptesmld 

is presented In Figure 19 of the accompanying drawings. . _ 

raS^boul 2C0ngof ptasmkl DNA from the mini-prep were also trar^forrned Into I-^^ff^ ^ 
« EtsCTsatected on 2 x TY agar plates containing 1 5 ^m^cydlne. ^^ h 3~£» £ j£ 
torments were analyzed end the desired transformers were confirmed by their production of human prolnsulln. In this 
matter. E. coji L201/pRB173 and E. coji L201/pRB174 were isolated. 

n ggnrtrucjton m fgchartehla coB K12 RV308/ P R B17S. DRB176. PRB177 and pRB178 

* 102281 About 12 no of piasmld pRB172 was suspended In 15 ul of 10X Ndel DufTer (100 mM NaQ. MW^O 
StO 10mM MaCfe ImM DTT, 100pg/ml BSA). 2.5 pi of Ndel restriction enzyme (20 unite) and 133 ni of water 
^ ^nCS mtod ani lncuSd at 37-C ovltonTAfter the Incubation, the DNA was predpiteted wW. 

I^teMM procedure, dried and resuspended In 15 pi of 1 0X Dralll buffer (50 mM Trie-HQ 

30 ^5) "^aClTo SgcCTl DTT) 5pl of Dralll restriction ^ (20 urjte) and 

gently mixing, the reaction was Incubated at 37X overnight. The DNA was again P^^^ff^^?^ 

asioove and electrophoresed on a 1% low melflng agarose. Tne desired larger reatrfcfen 

the gel wd the DNA was recovered by the EluUp-d column procedure. The DNA was stored In 30 pi of 10 mM Trte HCI 

35 [o229] The following DNA linkera were chemically synthesized by the Applied Biosystem* DNA Synthesizer (model 
380B): 



40 



(I) 



5* TATGTAC6ACCAACACCTCT6C66CTCCCATCTG 3' 

3» ACATGCTGGTTGTGGACACGCCGAGGGTA 5' for pRB175 



("> 



5' TAT6TACGAC6TTAACCAACACCTGTGCGCCTCCCATCT6 3» 

3» ACATGCTGCAATTGGTTGTGGACACGCCGAGGGTA 5' for p8B176 



OH) 



30 



EP0678 522B1 



5* TATGTATAACCAACACCTGTGCGGCTCCCATCTG 3* 

3* ACATATTGGTTGTGGACACGC CGAGGGTA 5' for pRB177 



(lv) 



5 1 xAtGTACGTTAACCAACACCTCTCCGCCTCCCATCTC 3' 

3« ACATGCAATTGGTTGTGCACACGCCGAGGGTA 5* for pRB178 

[0230] After purifying each oligonucleotide by polyacrylamWa gel electrophoresis, they were P^^^ 0 ^ 
ngShe toacr^rErttmed previously an d anneated i n order to tad tele ^a^»n^o^e^ 
proinsulin gene analog-encoding DMA fragmenta. The linkers (I) to (lv) were used to construct the ptaamida pRB175, 

□RB178, pRB177 and pRB178 respectively. MB(11Blh . 

[02311 Atoout3pJcTthe Ndel/Dralll-dlgested pRB172 vector DNA fragment was ^^J^®^^*^ 
Kid Srs (Ehr) in abuffeTcSO |H) containing 50 nM Trte-HCI (pH 7.6), 10 mM MgCI* 10 mM DTT. 800 pMATP 
andeVrte of T 4 DNA ligase. The reaction was Incubated at 4-C cvemlght and this mMure ; wa« lused to torfwm | 
K12 RW08 cells inacoordanca with the procedure of Example 29A3. The desired transformarrts, E. coll K12 

by analysis of thei ptesmid DNA and protein production before and after induction of the ceOs st 42°C. A restriction 
site and function map of plasmid pRB175 is presented in Figure 20 of the accompanying drawings. 
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Table I: Human Proinaulin Analogs 



10 



15 



20 



25 



40 



SO 



55 



Plasnid 


1 Protein 


pRB145 


11.3 


nPR1&4A 


10.5 


PSB172 


7.3 




ND 


PRB174 


ND 


pRBl75 


8.5 


pRB176 


9.3 


pMl77 


9.4 


pRB178 


8.5 



Met-Tyr-Hunan Pro insulin (HPI) 
Met-Arg-Met-llys(B28) ,Pro(B29)HPI] 
Met-Tyr- (Lya(B28) ,Pro(B29)HPI] 
Met- TyrlLys(B28) ,Pro(B29)B-chainH 
Met-Tyr- IB-chain) -Q* 
Met-Tyr- [Dea (Bl) ,De» (B2) ,Aap(B3) , 

Lys(B28),Pro(B29)HPI] 
Met-Tyr- [Asp (Bl) ,Lys(B28) , 

Pro(B29)HPI] 
Met-Tyr- IDee(Bl) ,Des(B2) ,Lya(B28) , 

Pro(B29)HPIJ 
Met-Tyr-lDes(Bl) ,Lys(B28) , 
Pro(B29)BMl 

» *q = -Arg-Arg-Glu-Ala-Glu-Aap-leu-Gln-Val-Gly-Gln-Val-Glu- 

Leu-Gly-Gly-Gly-Pro-Gly-Aln-Gly-Ser-Leu-Gln-Pro-lett- 
Ala-Leu-Glu-Gly-Ser-Leu-Gln- ; 

39 

E. A stock culture ofE.coH K12 RV308/pRB172 was formed into a permanent stock culture in the following manner. 

S plate are incubated at 30°C for 24 hours. A j^Md* correct ootony ^ctedfrj"^ IZo^s 
Tc plate teused to hoculete a flask containing 50 ml. L-broth (contains 

^iLdium The flask Is Incubated al30°Cwith shaking for 7 hours. The material in the flask (1.2 ml.) to 
ir^Se^tate-S S to vapor-phase liqUd nitrogen. The material then is thawed, and 1 1 ml. la 
Sto^ato^S^SS of 6 mcgyml. Tfc. The flask Is incubated 

T* ST^W^"**> mi- * BG-7 medium ^^^^^^^^0 
are inocUated with 1 ml. each from the foregoing, and the flasks are incut^ v^aW^^r^ 3ffC. 
STA^Hiter fermenter containing 80 Dters of medium (contains citric ^-^^T ~^ 7 ^m 
wh o NHH.PO, CaCU MgS0 4 . glucose, and trace Inorganic salts) is inoculated with 1 liter of the I mediiin 

that point. 50 liters of broth ere transferred to the production fenronter to ^^J^^^L^r „ 0B8rated 
ZT A 250W Her fermenter containing 1 500 liters of the same medium used in the 1504teMermenter l»°P**»? 
S^C urSSbTSde evoluSn rate reaches 1.0 mWUmto. and then tt» tempora ls raised I to ^JOC. 
QM^?eortinuedforaii additional 8 hours. The broth la then heat Inactivated at 81»C for 7 minutes. The followtog 
yS^£ were^eTf^Them inactivated broth: Ceil Yteid. 1 11 grems/L d * ^ Pmdug Menqj273 
^WetaTrnl. of broth; Spedflc ActMty (e.g. gram, product/gram of celi). 2.1 percent; Percent R>rmylated 



Product. 13 percent 
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mam Fermentation broth Is transferred Into a stainless steal holding tank and the temperature maintained between 
2° an d 8°C The whole broth is then cerrtrifuged or filtered to collect the E. ooli cells such that a solids dry weight of 
sDoroxbnatety 15 to 20 percent Is obtained. The collected cell solkte are restarted in process water. The cells ere then 
disrupted using Ugh pressure fwrncgertartton or other suitable methods to achieve lysis of 90 to 99 percent of the 
cells. The homogenized slurry Is diluted to 5 percent dry weight with process water. The pH of the diluted dferupted 
cell slurry Is adjusted to between pH 7 and 10 by adding sodium hydroxide. The Inclusion bodies (granules) are sep- 
arated from the cell debris by differential cenlrtfugatlon. The resulting concentrate is from 15 to 20 percent ri\ds. 
[02361 The Inclusion bodies are solubillzed at alkaline pH In the presence of cysteine and urea. These sotottllzed 
granules are subjected to cation exchange chromatography on SP Sepharose-superftow in order to resolve the mixed 
disulfide form of the proinsuln analog from the bulk of yanular material. 

[02371 The methionyHyrosine extension of the amino terminus of the proinsulin analog is removed by Incubation 
with cathepsin C, a dipepfldyiaminopepSdase. The cathepsin cleavage reaction is tenrinated by ^ffiWyafe w* po- 
tassium tetrathlonate and cysteine at pH 8.8. Folowtng solvent-exchange across Sephadex Q-26. the resulting S- 
sulphonate of the proinsulin analog is allowed to fold by incubation at pH 10.8 in the presence ^^eir^The fo^ng 
process Is quenched by adjusting the pH to 2.4. Properly folded proinsulin analog is resolved from improperly folded 
material as well as contaminants remaining from the cathepsin C cleavage step by hydn^«irrteraction chroma- 
tography on SP20SS resin. This separation occurs across an acetone gradient so the organic solvent must be removed 
from the mainstream pool by evaporation before further processing. k , hullumi(IU «„ 1 «, 
[02381 Following evaporation of the organto solvent, property folded proinsulin analog Is f^ n j** 
SSUeptldase^B/nSe enzymes excise the C peptide of the proinsulin analog end generate Lys(B28), Pro(B2S) 
rajrrw insulin. The insulin arotoglstrwfi*1r^ 

by high performance reverse phase chromatography on a 10 urn 08 resin. Acetonitrlte is removed from the reverse 
phase mainstream by solvent exchange across Sephadex G-25 and the resulting material b concentrated using a 
spiral wound ultrafiltration system. Concentrated material is subjected to size exclusion chromatography on Sephadex 
G-50 resin and lyophilized to dryness. 

[0238] in Table II following are provided the amino add analyses of compounds of the foregoing examples. 
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[0240] The physiological effects of the Insulin analogs of the present Invention were shown In the following In yfyo 
assay system. 

[0241] Normal male Sprague Dawley rats from the Charles River Laboratories (Portage, Ml) were used as test an- 
imals. They were obtained at a weight range of 160-1 80 gms and maintained for one week In animal rooms at 75°F 
with a controlled light cycle (lights on 7:00 a.m. - 7:00 p.m., lights off 7:00 pm - 7:00 a jn.) The animals were fed Purina 
rat chow 5001 ad Itottun. Rats used for each assay were fasted far 16 hours before being used. They weighed about 
200 gms when first used. On reaching a fasted weight of about 275 gm (over a period of three weeks), the animals 
were no longer used. One group of ten mate rats was used each day for each comrxxnd tested (i.e., biosynthetfc 
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10 



15 



25 



30 



35 



40 



50 



55 



human insulin, porcine Insulin and human insulin analog). Each group was used only once during the week. The ten 
rats were dtvkted into two groups of five rats each. One group served as control and was given vehicle atone subcu- 
taneously. The other group of five rats was given the compound to be tested- The proteins were olssorved In 0.05N 
HQ (pH 1 A) to provide a stock solution of 100 jigm per ml. From this, a number of dilutions were made in normal saline 
which was injected subcutaneously Into the rats. A 100 jxl sample of blood was taken from the tal vein of each rat at 
zero time and 30 minutes, 1 hour, 2 hours, 3 hours and 4 hours after administration. Gkjcose was determined colori- 
metrically by a glucose oxidase method (Sigma Chemical Co.). The percent change In blood glucose from the zero 
time value was calculated tor each rat and the final results were expressed as the mean percent charge ± SEM in the 
experimental group corrected for the mean change in the control group for that day 

[0242] A dose-response curve was drawn from tests with 4 to 7 different concentrations of the compound tested 
using the maximal response at a given time (usually one or two hours after administration of the protein). From this 
curve an ED^ value was determined as that subcutaneous dose frig/kg) of the protein which gave half the maximal 
hypoglycemic response. The results are shown In Table III folowtng. 

Table Ilia 



Compound 



Human Insulin (Hiy* 
Porcine Insulin 
Lys(B28),Pro(B29)HI 
Aia(B28),Pro(B29)HI 
AstfB28),Pro(B29)HI 
Asp(B10),Lys<B28), Pro(B29)HI 
Gln(B28),Pro(B29)HI 
Gly(B28),Pro(B29)HI 
Met(B28),Pro(B29)HI 
Nle(B28),Pro(B29)HI 
Om(B28),Pro(B29)HI 
Pro(B29)HI 
Phe(B28) l Pro(B29)HI 
WKB28),Pro(B29)HI 



Maximum Effect (%) 



66 
60 
66 
71 
64 
53 
69 
58 
51 
64 
60 
63 
67 
53 



ED; 



50" 



7.96 
7.70 
6.8 
15.0 
102 
10.7 
6.6 
105 
14.6 
7.0 
12.7 
8.7 
9.7 
8.7 



Biological Activity 0 



100 
103 
117 
53 
78 
74 
120 
76 
54 
114 
83 
91 
82 
91 



a Al values rfwwn refer to Wood samples taken or* taw iter idir^^ 
b Expressed In namAcg. trtcuteneous 
c Relative to human tnsu to 
d BJosyntnetto human Insufti 

[0243] As noted previously, the Insulin dialogs of the present Invention have a reduced propensity to dmertze or 
otherwise serf-associate to higher molecular weight forme. Thus, upon administration of one or more of said analogs, 
a rapid onset of activity is achieved. The Insuin analogs of the present invention are effective in treating hyperglycemia 
by a*ninlstering to a patient In need thereof an effective amount of an Insulin analog of formula I. As used herein the 
term 'effective amount" refers to that amount of one or more insulin analogs of the present Invention needed to lower 
or maintain blood sugar levels either therapeutically or prophytactteally. This amount typically may range from about 
10 units up to about 60 units or more per day (or about 0.3 to about 2 mg assuming approximately 29 units per mg). 
However, it is to be understood that the amount of the insulin anatog(s) actually administered will be determined by a 
physician In light of the relevant circumstances Including the condition being treated (!*., the cause of the hyperglyc- 
emia) the particular dialog to be administered, the chosen parenteral route of administration, the age, weight and 
response of the InflvWual patient and the seventy of the pattenrs symptoms. Therefore, the above dosage ranges are 
not intended to limit the scope of the invention in any manner. 

[0244] The insulin analogs of the invention are administered to a patient in need thereof (i.e., a patient suffering from 
hyperglycemia) by means of rjrarrneoeutteal compositions containing an effective amount of at least one Insulin analog 
of formula I In combination with one or more pharmaceutical^ acceptable axclpients or carriers. For these purposes, 
the pharmaceutical compositions may typically be fbrmdated so as to contain about 100 unite per ml or similar con- 
centrations containing an effective amount of the insuBn anatog(s). These compositions are typically, though not nec- 
essarily, parenteral in nature and may be prepared by any of a variety of techniques using conventional excipients or 
carriers tor parenteral products which are well known in the art See, for example, Remington's Pharmaceutical Sci- 
ences, 17th Edition, Mack Publishing Company. Easton. PA, USA (1966) which Is Incorporated herein by reference. 
For example, dosage forms tor parenteral admlrtstratton may be prepared by suspending or dissolving the desired 
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amount of at least one frisulin analog of formiia I in a nontoxic liquid vehicle suitable for injection such as an aqueous 
medium and sterilizing the suspension or solution. Alternativery, a measured amount of the compound may be placed 
jnaviai bjkJ the vial and its cedents s^ 

of mixing prior to administration. PharrracauticaJ compositions adapted for parenteral administration employ diluents, 
5 exripients and carriers such as water and water-miscible organic solvents such as glycerin, sesame oil, groundnut oil, 
aqueous propylene glycol, N, -dimethytformemide and the like. Examples of such pharmaceutical compositions in- 
clude sterile, isotonic, aqueous seine solutions of the insulin analogs of formula I which can be buffered with a phar- 
maceutfcally acceptable buffer and which are pyrogen free. Addrtionaiy, the parenteral pharmaceutical formulation 
may contain preservatives such as meta-cresol or other agents to adjust pH of the final product such as sodium hy- 
10 droxide or hydrochloric acid. 

[0245] The insulin analogs of the present invention may also be formulated into pharmaceutical compositions suitable 
for intranasal adninistrstion. Such compositions are disclosed in detail in European Patent Application 0200383 A3 
which is incorporated herein by reference. Briefly, such compositions are formulated with one or more pharmaceutical^ 
acceptable diluents, a pharmaceuticaily acceptable amount of an alkali metal salt, the ammonium salt, or the free acid 
15 of a substantially zinc-free insulin, and option airy, an absorption enhancing amount of at least one absorption enhancing 
agent selected from the group consisting of (1) oleic acid or an ester or sett thereof, (2) a liquid form sorbftan tatty acid 
ester, (3) a liquid form polyoxyethyiene derivative of a sorbitan fatty acid ester, and (4) a liquid form hydraxyporyax- 
yethyiene^>clyoxyprorj^ copolymer. 

[024*] To demonstrate the efficacy of Intranasal administration of the Insuln analog Lys(B28), Pro(B29) human Insulin 
20 versus human sodium Insulin the following study was conducted. Male beagle dogs weighing 10 to 12 kg were main- 
tained in excellent physical condition prior to and during the course of the study. The dogs were fasted for 1 6 hours 
but had access to water to ensure against unexpected fluctuations In insuln levels. During the entire course of the 
study the dogs were anesthetized with sodium pentobarbital and their body temperature maintained with heating pads 
to rnmirnize glucose fluctuation. The insulin test samples (l e., Lys(B28), Pro(B29) human insulin and human sodium 
25 insulti) were dissolved In distilled water and the pH of the solution was adjusted to 7.5 with sodium hydroxide. The 
final insulin concentration was 70 units per ml. An Insulin dose of 0.8 units per kg of Lys(B28) l Pro(B29) human Insulin 
was administered to each of eight dogs and similarly, a dose of 0.8 units per kg of human sodium insuOn was admin- 
istered to each of four dogs. All doses were admmistered to the nasal cavity by delivering one spray per nostril with a 
metered-dose nebuizer and a modified nasal applicator. Blood samples were drawn from the jugular vein at 30, 15 
30 and 0 minutes before administration and at 10, 20, 30, 45, 60, 90, 120, 180 and 240 minutes after administration for 
the measurement of blood glucose reduction. The results of this study are shown in Table IV. 



Table IVa 



45 



Time (min) 


Lys<B28),Pro(B29)Hurnanlnsulin (% of Initial) 


Human Sodium Insulin (% of Initial) 


-30 


95.4 ±2.5 


101 & ±2.4 


-15 


98.2 ±2.8 


102.4 ±2.9 


0 


100 


100 


10 


95.4 ±2.1 


100.8 ±1.9 


20 


83.5 ±3.3 


96.0 ±2.1 


30 


72.2 ±4.5 


91 6 ±2.8 


45 


61.8 ±6.9 


69.1 ±2.3 


60 


60.0 ±6.0 


93.6 ±4.5 


90 


71.6 ±4.6 


92.2 ±1.6 


120 


76.1 ± 3.7 


91.3 ±2.6 


180 


91 .2 ±1.8 


93.8 ±1.8 


240 


85.4 ±2.7 


90.7 ±2.8 


"Blood 


Glucose levels: mean ± S.E.M. 





50 

[0247] Utilizing the protocol described above, a comparison of the Wood glucose redaction profile of Lys(B28), Pro 
(B29) human Insulin via Intranasal administration was compared to both intravenous and subcutaneous administration 
of the anatog as follows. For intravenous administration, the insulin solution containing the Lys(B2B) l Pro(B29) human 
Insulfc analog was administered by bolus injection (0.1 units per kg) into the saphenous vein of each of four dogs. 
55 Biood samples were drawn at 30, 15 and 0 minutes before administration and at 5, 10, 15, 20, 30, 45, 60, 90, 120, 1 80 
and 240 minutes after administration. For subcutaneous administration, the insuDn solution containing the Lys(B28), 
Pro(B29) human kisulln analog was administered beneath the epidermis {02 units per kg) of the outer side of the flank 
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of each of six dogs. Blood samples were oYawn at the seme protocol as described after nasal administration as de- 
scribed above. Trie results of this comparative study are shown In Tfebie IV. 



TABLE Va 



10 



15 



20 



Time (min) 


I.V.(% of Initial) 


S.C. (% of Initial) 


Nasal (% of initial) 


-30 


96.6 ±6.5 


95.612.1 


95.412.5 


-15 


101 .31 1.5 


96.7 1 2.7 


98.212.8 


0 


100 


100 


100 


5 


99.9 ±2.5 




_ 


10 


64.814.0 


99.214.8 


95.412.1 


15 


68.112.7 






20 


54.513.3 


91.912.4 


83.513.3 


30 


43.312.8 


81.613.0 


72.214.5 


46 




55.813.5 


61.616.9 


60 


55.313.1 


35.313.1 


60.616.0 


90 


77.216.4 


39.513.4 


71.614.6 


120 


85.214.7 


36.112.8 


78.113.7 


180 


97.116.4 


84.517.0 


91.211.8 


240 


100.019.6 


81312.4 


85.412.7 


8 Blood glucose levels: mean 1 S.E.M. 



25 Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, U LU, ML, SE 

30 1. An i ratlin analog of the formula 
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f 2 
Gly 1 

L> 

| CHAIN A (I) 

Val* 
I 

Glu 4 , S S 

U & 7 6 0 10 it 12 X* 14 IS 16 17 16 Id 20 21 
Gln-C^H^i-Thx-S«r-Ile-Cyk-Ser-l^-T^ 

S 

15 \ J 

s 

I 

11 1* l* i« IS 1* 17 18 | It 

Gly 20 

s Ola * l 

CHAIN B I 
2 Arg " 

Z*T-X-B— B— Tyr-Phe-Phc-Gly " 

30 tt 2ft 27 26 25 24 



26 



30 




1 

MR, 



or a pharmaceuticaily acceptable salt thereof, wherein A21 Is alanine, asparaglne, aspartic acid, glutamlne, glutam- 
ic acid, glycine, threonine, or serine; B1 is phenylalanine, aspartic acid, or is absent B2 is valine or may be absent 
when B1 Is absent; B3 Is asparaglne or aspartic acid; B9 Is serine or aspartic acid; B10 is hlstldlne or aspartic add; 

3$ B27 is threonine or is absent; B28 is any amino add. B29 Is L-prdine. D-prdine, D-hydroxyprdine or L-hydroxy- 
proline; B30 Is alanine, threonine or is absent; Z is -OH, -NH* -OCHj, or -OCHjCH^; XisArg, Arg-Arg, Lys, Lye- 
Lys, Arg-Lys, Lys-Arg, or Is absent; and Y may be present only when X Is present and, if present, is GfcJ or an 
amino add sequence which comprises ail or a portion of the sequence ^liMla^lu-Asp-Leu^lrvVaW 
Vai^lu-Leu^ry^ly^-Pro^ 

40 which begins at the N-terrnintis Qlu of such sequence; provided that when A21 is asparaglne, B1 is phenylalanine, 
B2 is valine, B3 Is asparaglne, B9 Is serine, B10 la hlstldlne, B27 is threonine, B26 Is lysine, B29 Is L-prdlne, B30 
is threonine, X Is absent and Y is absent then Zls -NH2, -OCHjOr -OCH2CH3; or a pharmaceuticaily acceptable 
salt thereof. 

45 2. The insulin analog as claimed in Claim 1, in which X and Y are absent and Z is OH. 
X The insulin analog as claimed in Claim 1 or 2, wherein B30 is threonine. 

4. The insulin analog as dalmed in any one of Claims 1 to 3 wherein B28 is aspartic add, valine, leudne, isoieudne, 
so norleucine, proline, argi nine, histkine, cftruline, ornithine, lysine, phenylalanine, alanine or glycine. 

5- The insulin analog as dalmed in any one of Claims 1 to 4 wherein B28 Is aspartic acid, valine, leudne, Isoieudne, 
norleucine, proline, arginine, hlstldlne, ornithine or lysine. 

59 6. The insulin analog as claimed In any one of Claims 1 to 5 wherein B28 is lysine. 

7. The Insulin analog as claimed In any one of Claims 1 to 6 wherein B28 is lysine; B29 is L-prollne; and B30 is 
threonine. 
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8. The insulin analog as claimed in any one of Claims 1 to 7 wherein A21 is alanine 

9. The insulin analog as claimed in any one of Claims 1 to 8 wherein B1 is absent 

10. The insulin analog as claimed in any one of Claims 1 to 9 wherein B10 is asparUc acid. 

11. The Insulin analog as claimed in any one of Claims 1 to 10 wherein B2 Is absent 
1Z The insulin analog as claimed in Claim 11 wherein B10 is asparOc acid. 

13. The insulin analog as claimed in any one of Claims 1 to 12 wherein B30 is absent. 

14. The Insulin analog as claimed In any one of Claims 1 to 12 wherein B30 is alanine. 

15. A process for preparing a compound of Formula (I) and as defined In any one of Claims 1 to 14. which comprises: 

A) combining the A-chafci of a compound of Formula (I) in which A21 is as defined In Claim 1 , wilh the B-chain 
of a compound of Formula (I) In which B1. B2, B3. B9. B10, B27. B28. B29. B30. X, Y, and Z are as defined 
*i Claim 1 to form the appropriate disulfide bonds; or 

B) reacting a modified compound of Formula (I) lacking the peptide sequence beginning al landln which 
A21 B1 B2 B3 B9 and B10 are as defined in Claim 1 with a peptide having the sequence Gly-Phe^e-Typ- 
B27^2B-B29-B30-X-Y-Z in which B27, B2B, B29, B30, X, Y, and Z are as defined in Claim 1 ; or 

C) cleaving a modified proinsulin molecule comprising the amino acid sequence of a cornpound of Formula 
(I) In which A21 , B1, B2, B3, B9. B10, B27, B28, B29. 830. X. Y, and Z are as defined in Claim 1 to remove 
all or a portion of the C-peptide from such modified proinsulin. 

18. A pharmaceulical formulation comprising, as an active ingredient, a compound of Formula (I) as claimed in any 
one of Claims 1 to 14, associated with one or mora pharrnaceuticaOy-acceptable carriers therefor. 

17. A compound of Formula (1) as claimed m any one of Claims 1 to 14, tor use In the treatment of diabetes mellttus. 

Claims for the following Contracting State : E8 

1. A process for preparing an insulin analog of the formula 



41 



EP0 678 S22B1 



HHt 

CXy 1 

| CHAIH A (I) 

Val* 

! 

8 J 



L« f' t0 

or a pharmaceutlcaJry acceptable salt thereof, wherein A2 1 1s alanine, asparaglne, aspartJc acid, glutamic, giutam- 
Z J^T^r^Z serine; B1 « pberyldarine, aspartic acid, or is abserrt; B2 i. valine or may be absent 

B27 is threonine or is absent; B28 is any amino add, B29 is (.-proline. D-proline. D-hydroxvprollne or L-hydroxy- 
P^irwSo * M threonine or Is absent; Z Is -OH. ^.^or^CH^XteArg^^, Lys, Ly^ 
^X^Lys, Lys-Arg, or is absent; and Y may be present only when X is present and. If present. teQfc an 
Start TseieS which comprises all or a portion of the sequence ^^ l ^^ V ^ 1 ^ 

wWcn o^aTthe N^rrnirajs Qlu of such sequence, provided that when A21 is asparaglne, Bile Ph^^ 
B2 to vaMne B3 Is asparaglne, B9 Is serine, B10 Is hlsUdkie, B27 la threonine, B28 Is lysine, B29 is L-prollne, B30 
is threonine. X is absent and Y Is absent, then Z Is -NH* -OCH3 or -OCH^ which comprises 

A) combining the A-chain of a compound of Formula (I) in which A21 is as defined in Claim 1 , with the ^* a '" 
o/a^ompound of Formula (I) in which B1. B2, B3, B9. B10. B27, B28, B29, B30, X, Y, and Z are as defined 
in Claim 1 to form the appropriate disulfide bonds; or 

B) reacting a modified compound of Formula (I) lacking the peptide sequence beginning a, B23 J^J^ 1 '* 
A21 B1 B2 B3 B9 and B10 are as defined In CJalm 1 with a peptide having the sequence Gly-Phe-Pne-Typ- 
B27^2B-B29-B30-X-Y-Z in which B27, B2B, B29, B30, X. Y, and Z are as defined In Claim 1; or 

C) cleaving a modified proinsulin molecule comprising the amino add sequence of a oompovmd l of Formula 
(I) in which A21 , B1. B2. B3. B9, B10. B27. B28. B29. B30. X. Y. and Z are as defined in Claim 1 to remove 
all or a portion of the C-peptide from such modified proinsulin. 

2. A process as claimed in Claim 1, In which X and Y are absent and Z is OH. 

3. A process as claimed In Claim 1 or 2, wherein B30 is threonine. 
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4. Ap«ce»aecl8lrr*inenyoneofC^ 

proline, arghhe. hlsttdlne, Caroline, ornithine, lysine, phenylelarwie. alanine or glycine. 

5. A process as claimed in any one of Cl^ms 1 to 4 wnereln B28 is aspartic acid, valine, leucine, isoleucine, norleucine, 
proline, argmme. histkfine, ornithine or lysine. 

6. A process as claimed In any one of Claims 1 to 5 wherein B28 Is lysine. 

7. A process as claimed in any one of Claims 1 to 6 wherein B28 is lysine; B29 is L-proiine; and B30 Is threonine. 

8. A process as claimed in any one of Claims 1 to 7 wherein A21 is alanine. 

9. A process as claimed in any one of Claims 1 to 8 wherein B1 Is absent 

10. A process as claimed in any one of Claims 1 to 9 wherein B10 is aspartic add. 

11. A process as claimed In any one of Claims 1 to 10 wherein B2 is absent. 
«. A process as claimed In Claim 11 wherein B10 Is aspartic add. 

13. A process as claimed In any one of Claims 1 to 12 wherein B30 Is absent 

14. A process as claimed in any one of Claims 1 to 13 wherein B30 is alanine. 

PatartanapcOdie 

PatentansprtchsfOr folgende Vertragastaaten : AT, BE, CH, DE, DK, FR, OB. IT, U. LO, NL. 8E 

1. InsullnanaiogonderFonnel 
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HH t 

Oder ein pharrnazeutisch annehmbares Salz hlervon, worin A21 fur Alanin, Asparagin, Asparaglnsaure, GlutamJn, 
GMaminsaure, Gtycin, Threonin oder Serin stent, B1 fOr Phenylalanin oder Asparaginsdure stent oder fehlt B2 
fQr VWin stent oder fehlen kann, warn B1 fehlt B3fQr Asparagin oder Asparaglnsaure stent, B9 fOr Serin oder 
Asperagins8ure stent, B10 fur Histidin oder Asparaginsiure stent B27 fQr Threonin stent oder fehlt, B28 fur eine 
belieWge AminosSure stent, B29f0r L-Prolin, D-Proln, D-Hydroxyprolln oder L-Hydroxyprolin stent, B30 fur Alan in 
oder Threonfri steht oder fehlt Z fur -OH, -NH* -OCH3 oder -OCH2CH3 stent X fQr Arg, Arg-Arg, Lys, Lys-Lys, 
Arg -Lys oder Lys-Arg steht oder fehlt und Y nur vorfcommen kann, wenn X voricommt und fells es voricommt fur 
Glu oder eine Airtnosfluresequenz stent die alles oder efrien Tell der fdJgenden Sequenz umfaSt -Giu-AJa-Giu- 
A8p-Leu^lri-V8J<3ry^lrvV^li* 

Leu-Gln-Lys-Arg- und dte am N-Terminus Glu elner solchen Sequenz begtnnt, mrt der Mafigabe, daft wenn A21 
fur Asparagin stent B1 fur Phenylalanin stent B2 fOr \felln steht B3 fur Asparagin steht B9 fur Serin stent B10 
fur Histidin steht, B27 fur Threonin stent B28 fur Lysin steht, B29 fQr L-Prdin steht B30 fOr Threonin steht X fehlt 
und Y fehlt, Z dann fQr -NHj, -OCH3 oder -OCHjCH, stent oder ein phamwzeutisch annehmbares Salz hien/on. 

2. Insulinaralogon nach Anspruch 1 , worin X und Y fehlen und Z fQr OH stent. 

3. Insulinanalogon nach Anspruch 1 oder 2, worin B30 fQr Threonin steht. 

4. Insulinanalogon nach elnem der Ansprflche 1 bis 3, worin B28 fur Asparaglnsaure, Win, Leucti, Isoteucin, Nor- 
leudn, Prolln, Arginln. Histidin, CKruflln, Omithln, Lysln, Phenylalanin, Alanin oder Glycin steht. 

5. Insulinafialogon nach einem der AnsprQche 1 bis 4, worin B28 fur Asparaginase, Wlin, Leudn, isoleucin, Nor- 
leudn, Prolln, Aiginln, Histidin, Omithln oder Lysin steht. 

6. Insulinanalogon nach einem der Arisprik^ 1 bte 5, worin B28 fQr l^sin sWit. 

7. Insulinanalogon nach einem der Ansprtfche 1 bis 6, worin B28 fur Lysln steht B29 fQr L-Prolln steht und B30 fQr 
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Thneonln sterrt 

8. Insulinaralcgon nach eirem der Anspruche 1 bis 7, wcrin A21 fur Alanin stent. 

9. Insulinanalogon nach erem der Anspruche 1 bte 8, worin B1 feWt 

10. insulinanalogon nach elnem der Anspruche 1 bis 9. worln B10f0r Asparaginsaure steht 

11. insulinanalogon nach elnem der Anspruche 1 bis 10, worin B2 fehlt 
12 Insulinanalogon nach Anspruch 11 , worin B10 fur Asperaginsaure steht 

13. insuJInanalogon nach elnem der Anspruche 1 bis 12. worin B30 fehlt. 

14. InaulinanaloQon nach elnem der Anspruche 1 bis 12. worin B30 fur Alanin stent 

15. Verfahren zur Herstellung einer Verblndung der Formei (I) nach elnem der Anspruche 1 bis 14. geksnnzeichnet 
durch: 

A) Komblnatlon der A-Kette einer VerWndung der Formal (I), worin A21 wie In Anspruch 1 deflnlert 1st. mH der 
B-Kette einer Verblndung der Formei (I), worln B1. B2. B3. B9, B10. B27. B28, B29, B30, X, Y und Z wie In 
Anspruch 1 deflnlert sind unter Bildung der geelgneten Diaulfldbindungen, Oder 

B) Umsetzung einer modffizierten Verblndung der Formal (I), der die PepUdsequenz fehH. die bel B23 baginnt 
und worin A21 B1 , B2, B3. B8 und B10 wta in Anspruch 1 deflnlert slnd, mil elnem Paptld der Sequenz Gty- 
Pne-Phe-TVr-B27-828-B29-e30-X-Y-Z, worin B27. B28, B29, B30, X, Y und Zwie m Anspruch 1 deflnlert slnd, 

Oder 

C) Spaltung eines mooTfizjerten Prokisulinmolekuls. das die An*osauresequenz einer Verblndung der Formei 
(I) umtaOt wo* A21 , B1 , B2. B3. B9. B10. B27. B28. B29, B30, X. Y und Z wie in Anspruch 1 deflnlert slnd. 
unter Erttfemung des gesamten C-Peptids oderetnes Tells hlervon aua elnem sofchen modtflzJerten ProlnsuOn. 

18. Pharmazauflsche Formulierung, die ate Wirkstoff eirte Verblndung der Formal (I) nach ainam der Anspruche 1 bis 
14 zusammen rnit elnem Oder mehreren pharmazeutJsch annehmbaren Tragem hlerfOr enthalt 

17. verblndung der Formal (I) nach einam der Anspruche 1 bis 14 zur Verwendung be) der Behandlung von Diabetes 
meatus. 



Patentanspruchs fur folgenden Vertragsataat : ES 

1. Verfahren zur Herstellung eines Insulnanatogcns der Formei 
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Oder elnes pharmazeutiscri annehmbaren Salzes hlervon. wortn A21 IDr Alanln. Asparagin. Asparagirwaure, Glut- 
amin Glutaminsaure, Glydn, Threonin oder Serin steht, B1 IDr eriylal art n oder Asparaainsaure steht oder fehlt, 
B2 fur Valln steht oder fehlen kann, wenn B1 fehlt, B3f0r Asparagin oder Asparaghsaure stetit. B8fDr Serin oder 
Asparnsnsaure steht, B10f0r Hlstldin oder Asparaginsiure steht. B27 fOr Threonin steht oder fehlt, B28 fur ehe 
beliebige AminoaSure steht. B29 fQr L-Prdln. D-ProJn, D-Hydroxyprolin oder L-Hydroxyprolin steht. B30 fOr Alanin 
oder Threor* stent oder fehlt. Z fQr -OH, -NHj, -OCHj oder -OCH2CH3 steht. X fQr Arg. Arg*rg, Lys. Lys-tys, 
Ara-Lys oder Lys-Arg steht oder fehlt und Y nur vortommen kann, warm X vortorrtrrt und falls es vorkommt fur 
Glu oder eine Amlnosauresequenz steht, die alias oder elnen Tell der Wgenden Sequenz umfaBt-Glu-^a-Glu- 
Aap^^lrj-VaWy^ln-V^lu-l^ly^ly^ 

Leu-GlrvLys-Aro- und die am N-Terminus Glu elner soichen Sequenz begsint, mtt der Mafigabe, dad wenn A21 
fur Asparagin stent. B1 fur Phenylatenln stent. B2 fur Valln steht. B3 fOr Asparagin steht. B9 fur Serin stent BIO 
fur HistkSn steht, B27 fur Threonin stent. B28 fur Lysin stent, B29 fQr L-Prolln stent, B30 fur Threonin steht. X fehlt 
und Yfehlt, Z dann fur -NHj, -OCH, oder -OCHjCHj steht, gekenraeichnet durch 

A) (Combination der Alette elner Verblndung der Forme! (I), worin A21 wte oben tot, mit der B-Kette elner 
Verblndung der Formal (I), worin B1, B2. B3. B9. B10. B27. B28, B29. B30. X Y und Z wte In Anspruch 1 
deflnlert skid unter BiUung der geeigneten Disulfldbindungen, oder 

B) Umsetzung elner modifizlerten Verblndung der Formel (I), der die PeptWaequenz fehlt. die bei B23 beginrrt 
und worin A21 B1 . B2, B3. B9 und B10 wte oben deflnlert slnd. mlt elnem Peptld der Sequenz Gty-Pne-Phe- 
Tyr-B27-B28-B28-B30-X-Y-Z worin B27, B28. B29, B30, X Y und Z wie in Anspruch 1 deflnlert sind, oder 

C) Spafturw elnes rnallftziertenProto^^ 

(I) umlaUt, worin A21, B1. B2. B3, B9, B10, B27, B28, B29, B30, X, Y und Z wte oben deflnlert sind, inter 
Entfemung des gesarnten C-Peptlds oder elnes Tells Wervon aus elnem soichen modifizlerten Prolnsulin. 

2. Verfahren nach Anspruch 1 , worin X und Y fehlen und Z fQr OH steht 
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3. Verfahren nach Anspruch 1 oder 2. worin B30 fur T>ireonin stent 

4. Verfahren nach elnem der Anspruche 1 bis 3. worin B28 fur Aspareginsaune, Valin, Leucin, Isoteucin, Norteucin, 
Proln, Arginin, Histkf n, Crtruilin, Omithin, Lysti, Phenylalanin, Alanin Oder Glydn steht. 

5. Verfahren nach einam der Anspruche 1 bis 4, worin B28 fur Asparaginsaure, Valin, Leucin, Isoteucin, Norteucin, 
Profin, Arginin, Htefldn, Omrthin Oder Lysin stent 

6. Verfahren nach einem der Anspruche 1 bis 5, worin B28 fUr Lysin steht. 

7. Verfahren nach einem der Ara*n)che 1 bis 6, worin B28 fur Lysin stent, B29 fur L-Prolin steht und B30 fur Threonin 
steht 

8. Verfahren nach elnem der Anspruche 1 bis 7, worin A21 fur Alartin stent. 

9. Verfahren nach einem der Anspruche 1 bis 8, worin B1 fehlt 

10. Verfahren nach einem der Anspruche 1 bte 9, worin BIO fur Asparatfnsaure steht 

11. Verfahren nach einem der Anspruche 1 bis 10, worti B2 fehrt 

12. Verfahren nach Anspruch 11 , worin B 10 fur Asparaginsaure steht 

13. Verfahren nach elnem der Anspruche 1 bis 12, worin B30 fehtt. 

14. Verfahren nach einem der Anspruche 1 bis 13, worin B30 fur Alanin steht 

RavemBcatfon* 

Revindication* pour Im Etata contnctantt auh/ants : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1. Anatogue dlnsulfcie repondant a la formula 
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, CHAINEB J 

i 1 «*t»irnrtr , ir Csr M 

ou un do see sete phamteceutlquemerrt acxeptabtes, dans loquol A21 "^^I^J"^^^ 
aspartque. la glulamlne, rackle glutamique. la tfydne, la threonine ou la serine; B1 reprSse^ la^tetenipe, 
SSe^partique ou est absent; B2 represente la valine ou peut 6tre absent lorsque B1 est absent B3 repute 
P^pVrSCJLde «^ ^represente to serine ou I'edd. e^qu«B1C ' "P^™* 1 " |» 
faclde aspartque; B27 represente la threonine ou est absent ; B28 represente rrtmporte quel iM iMI 
represente la L-proOne, la D^ne. la 04*dro*yprolineou la L-r^rpxyprdine; B30 "^^^S^S 
nine ou est absent; Z represents un groupe -OH, un groupe -NH* un groupe -OCH, ou un groups -OCH2CH3, X 
ZesenteAra Ara-Ara.Ly8, Lys-Lys, Arg-Lys, Ly^Arg ou est absent; et Y peut etre present unlquernent lorsque 
X^S^^P^^eXou ouw sequence tfacides areinds qui cxxr^eod la totallte ou una 

Leu^n*ro^^a-l«<3lii-<^^ et qui commence au residu a"* 1 *^™^™ 

nale de ladlte sequence; a condWon que. lorsque A21 represente rasparaglne B1 "P^JP^g^ 
B2 represents la valine. B3 represente rasparaglne. B8 represente la is*ine, BIO ™P**rte , rh ^f~^ Z 
presente la threonine, B28 represente la lysine. B29 represente la L-proline, B30 represente to threonine^ 
absent et Y est absent, Z represente un groupe -NH2, un groupe -OCH3 ou un groupe -OCHjCHjj ou un de ses 
sets pharmaceuUquement acceptabtes. 

2. Analogue dlnsulkie selon la revendlcatlon 1 , dans lequel X et Y sort absents et Z represente un groupe OH. 

3. Analogue dlnsulhe selon la revendlcatlon 1 ou 2. dans lequel B30 represente la threonine. 

4. Analogue dlnsullne selon rune quetoonque des revendteattons 1 a 3. dans lequel B28 repute racide aspart- 
que. la valine, la leudne. nsoleuclne. la norteuelne. la proline. rargMne, Iodine, la oHnAio, I ornithine, la lysine, 
la phenylalanine, rabnlne ou la glycine. 

5. Analogue dlnsullne selon rune quelconque des revendcattons 1 a 4. dans lequel B28 represente Itojde aspart- 
que, la vdlne, la leudne, Tlsoleudne. la ncrleudne, la proline. Parghkie. Mitetkine. rornrWne ou la lysine. 

6. Analogue dlnsullne seton rune quelconque des revendJcaltons 1 a 5, dans lequel B26 represente la lysine. 
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7. Analogue dTnsuHne selon I'une queteonque des revendications 1 a 6. dans leque! B28 represente la lysine; B29 
represente la L-proOne; at B30 represente la threonine. 

6. Analogue dlnsuline selon rune queteonque des revendteations 1 a 7, dans lequel A21 represente ratanine. 

5 

9. Analogue dlnsuline selon rune queteonque des revendteatlons 1 a 8, dans lequel B1 est absent. 

10. Analogue dlnsuline selon rune quelconque des revendteatlons 1 a 9, dans lequel B10 represente Cackle asparti- 
que. 

10 

11. Analogue dlnsuline seten rune queteonque des revendteations 1 a 10. dans lequel B2 est absent 

12. Analogue dlnsuifrie seten la revendlcation 11, dans lequel B10 represente raclde aspartJque. 

is 13. Analogue dlnsuline seten rune queteonque das revendteations 1 a 12, dans lequel B30 est absent 

14. Analogue dlnsuline selon rune queteonque des revenolcattons 1 a 12, dans lequel B30 represente raiardne. 

15. Precede pour preparer un compose repondant a la formula (I) et te) que ddflnl dans Tune quelconque des reven- 
20 dlcationsl a 14, qui oornprend le fait de 

A) combiner la chatne A cfun compose repondant a la terrnule (I) dans lequel A21 est tel que defini a la 
revendicatjon 1 , avec la chatne B <Tun compost repondant a la formule (I) dans laquelle B1 , B2, B3, B9, B10, 
B27, B28, B29, B30. X, Y et Z sort tels que definls a la revendlcation 1, pou former les liaisons disuifure 

29 eppropriees; ou 

B) faire reagir un compose modtfie repondant a la formule 0) qui ne possede pas la sequence peptidique qui 
commence a B23 et dans lequel A21, B1, B2, B3, B9etB10sonttete que definls a la revendicatton 1 , avec 
un peptide possedant la sequence C^^e-Phe-TVr^27-B28-B29-B3f>X-Y-Z dans laquelle B27, B28, B29, 
B30, X t Y et Z sont tels que deflnis a ia revendlcation 1 ; ou 

30 C) diver une molecule modifiee de proinsuline comprenant la sequence cfacides amines (fun compose re- 
pondant a la formule (I) dans lequel A21, B1, B2, B3, B9, B10, B27, B28, B29, B30, X, Y et Z sont tels que 
definls a la revendteatton 1 dans le but dallmlner la totalite ou une portion du peptide C dUne telle prolnsulkie 
modifiee. 

36 16. Formulation prwmweeutique comprenant, a titre dlngreolent acttf, un compose repondant a la terrnule (I) seten 
rune quelconque des revendications 1 a 14, en association avec un ou piusteurs supports pram«eutiquement 
acceptabies pour le compose. 

17. Compose repondant a la formule (I) selon rune queteonque des revenolcattons 1 a 14, a utiliser dans le traJtarnent 
40 du diabete aucre. 



Ravemfications pour I'Etat contractant suivant : ES 

45 i. Precede pour preparer un analogue dlnsuline repondant a ia formule 



so 
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30 ou un de ses sets pharmaceutiquemeat acceptabtes. dans lequel A21 represents I'atan.ne. I asperagine. I acWe 
aspartque, la glutamlne. rackle glutamtque. la glycine, la threonine ou la serine; B1 represente la pherijflatenlne, 
Tackle aspartique ou eat absent; B2 represente la valine ou peut etre absent lorsque B1 est absent; B3 represente 
rasparaglne ou redde asparikjue; B8 represente la serine ou I'ackte aspartique; B10 represente murtldine ou 
raclde aspartlqLie; B27 represente la threonine ou est absent ; B28 represente nTmporte quel acloe amine; B29 

36 represente la L-proBne, la t^profine, la Wiydroxyprollne ou la L-hydroxyproline; B30 represente Palarlne^la thrto- 
nine ou est absent; Z represents un groupe -OH, un flroupe -NHj. un groupe -OCH, ou in groupe -OCHjCHa; X 
represente Arg, Arg-Arg, Lya, Lys-Lys, Arg-Lys, Lys-Arg ou est absent; et Y pe ut Ore P^f^f^'^* 
X est present et, s'il est present, represente Glu ou une sequence d'addes amines qui oomprend la totalite ou une 
portion de la sequence -QunAJa-GliinAsp-l^u-Glri-VBl-Gly-Gln-W^ 

do lau-Oln-Pro^Ju-Ala-l^^lu-Qly-Ser^*u^l^Ly9lA^g- et qui commence au reaidu de rextremite N-terml- 
nale de ladlte sequence; a concWon que, lorsque A21 represente rasparaglne. B1 lepraaente la pMriyWaiilne, 
B2 represente la valine, B3 represente rasparaglne. B9 represente la serine, B10 represente rhlstidine, BZ7 re- 
presente la threonine. B28 represente la lysine, B29 represente la L-proline, B30 represente la threonine. X est 
absent et Y est absent, Z represente un groupe -NH* un groupe -OCH, ou un groupe -OCHaCHj; qui oomprend 

48 lefaitde 

A) combiner la chaTne A tfun compose lepondant a la formula (I) dans lequel A21 est tst que deflni a la 
revendcation 1 , avec la chaTne B d*un compose repondant d la formula (0 dans taquelle B1 , B2, B3, Bg, B10, 
B27. B28. B29, B30, X, Y et Z sont tela que deflnte a la revendication 1. pour former las liaisons disuHure 

so appropriates; ou 

B) fake rSaglr ir compos* motffie repondant a la formula (I) qui ne possede pas la sequence peptidlque qui 
commence a B23 et dans lequel A21,B1,B2, B3,B9et BIO sont tele que definis & la fevendlcatlon 1 , avec 
un peptide possedant la sequence G!y-Ph8-Phe-TVr-B27-B2^B29-B3^X-Y-Z dans laqueOe B27 p B28, B29, 
B30, X, Y et Zaorrtteis que definis k la revendication 1; ou 

55 C) diver une molecule modlfiee de prolnsuline comprenant la sequence cf acides amine* (fun compose re- 

pondant a la formute (I) dans lequel A21, B1, B2, B3, B9, B10, B27. B28, B29, B30, X, Y et Z sont teis que 
defin ls d la revendication 1 dans le but tfeiiminer la totality ou une portion du peptide C d , une telle proinsullne 
modlfiee. 
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2. PiraS* seton la revendicaticn l.dans lequel X et Y sorrt absents at Z represents un greupe OH. 

3. Precede setoo la reveridteation 1 ou 2, dens tequei B30 represente la threonine. 

4. Precede selon rune quelconque dea revendications 1 a 3, dans lequel B28 represente raclde aspartique, tavatln* 
la^udna rteoleucii leWrteucine. la proline. farflinine. IWatldlne. la cttruHlna. PomHhine, la lysine, la phenyla- 
lanlne, ralanine ou la glycine. 

5. Precede seton rune quelconque des revendications 1 a 4. dans lequel B28 repress I'actoe asc*rf que, la valine, 
la leucine, llaoleucine. la norleucine. la proline. I'arojnlne, IWsWIne, 1'omith.ne ou la lysre. 

6. Precede seton I'une quelconque des tevendicationa 1 a 5. dans lequel B28 represente la lysine. 

7. Precede eetoc rune quelconque des revendtaations 1 a 6. dans lequel B28 represente la lysine; B29 represente 
la L-proline; et B30 represente la threonine. 

8. Precede seton I'une quelconque des revendications 1 ft 7. dans lequel A21 represente ralardne. 

9 . Precede seton I'une quelconque des revendications 1 a 8, dans lequel B1 est absent. 

10. Precede seton I'une quelconque des revendications 1 a 8. dans lequel B10 represente I'eclde aspartkjue. 

11. Precede seton I'une quelconque des revendications 1 a 10, dans lequel B2 est absent 

12. Precede seton la revendteatton 11. dans lequel B10 represente radde aspartique. 

13. Precede seton I'une quelconque des revendications 1 a 12. dans lequel B30 eat absent. 

14. Precede seton I'une quelconque des revendications 1 a 13. dans lequel B30 represente ('alanine. 
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FIG J 

Restriction Site and Function Map of 
Plasmid pKC283 
(-9.1 kb) 
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FIG.2 

Restriction Site and Function Map of 
Plasmid pKC283PX 
(-6.1 kb) 
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FIG.3 

Restriction Site and Function Map of 
Plasmid pKC283-L 
(-5.9 kb) 
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FI6.4 

Restriction Site and Function Map of 
Plasmid pKC283-LB 
(-5.9 kb) 



EcoRI 




65 



EP 0 678 522 B1 



FIG.5 

Restriction Site and Function Map of 
Plasmid pKC283PRS 
(-4.0 kb) 
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FIG. 6 

Restriction Site and Function Map of 

Piasmid pL32 
(-3.9 kb) 
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Restriction Site and Function Map of 
Plasmid pNM789 
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FIG. 8 
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FIG.9 

Restriction Site and Function Map of 

Plasmid pL47 
(-4.5 kb) 
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FIG. 10 

Restriction Site and Function Map of 
Plasmid pPR12 
(-5.1 kb) 
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FIG.Il 

Restriction Site and Function Map 
Plasmid pPR12AR1 
(-5.1 kb) 
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Restriction Site and Function Map of 

Plasmid pL110 
(-6.6 kb) 
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FIG.I3 
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FIG, 1 4 

Restriction Site and Function Map of 
Plasm id pCZR126S 




pCZR126S 
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FI6.I5 

Hladlll Ndel Dr»IH 
5 1 ' AGCTTCAT ' ATGTATTTTGTTAACCAACACCTGTGCGGCTCCCACCTG GTGGAAGCTCT 
ACTA TACATAAAACAATTGGTTGTGGACACGCCGAGGGTGGAC CACCTTCGAGA 

GTACCTGGTGTGCCGTGAACGTGGCTTCTTCTACACCCCGAAGACCCGCCGTGAGGCA 
CATGGACCACACGCCACTTGCACCGAAGAAGATGTGGGGCTTCTGGGCGGCACTCCGT 

Avail *™ 1 
GAG 1 GACCTGCAGGTGGGTCAGGTGGAGCTGGGCGGTGGC 1 CCGGGTGCAGGCAGCCTGC 

CTC CTGGACGTCCACCCAGTCCACCTCGACCCGCCACCG GGCCCACGTCCGTCGGACG 

AGCCGCTGGCCCTGGAGGGTTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTAC 
TCGGCGACCGGGACCTCCCAAGGGACGTCTTCGCACCGTAACACCTTGTTACGACATG 

BamHI 

CAGCATCTGCTCCCTGTAC C AGCTGGAGAACTACTGC AACTAG ' GATCCG 3 

GTC GTAG ACGAGGGACAT GGTC GAC CTCTTG ATG ACGTTG ATC CTAGGCTTAAj 5 

EcoRI 
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FI6.I6 

Restriction Site and Function Map of 
Piasmid pRB145 
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